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COMMERCIAL FERTILIZERS. 


There is, perhaps, no question of greater importance to the practical 
farmer than that of soil fertility. To produce profitable crops and at 
the same time to maintain and even to increase the productive capac- 
ity of the soil may rightly be termed “good farming.” Many farmers 
are able to do this, and the knowledge of how to do it has been largely 
acquired through years of experience, during which the character of 
the soil, its adaptability for crops, and the methods of its management 
and manuring have been made the subjects of careful study, without, 
however, any definite and accurate knowledge concerning manures and 
their functions in relation to soils and crops. Experience is an excel- 
lent teacher; still, a definite knowledge of first principles may be sub- 
stituted for years of experience in the successful use of manures. 


THE NEED OF COMMERCIAL FERTILIZERS. 


The fertility of the soil would remain practically unchanged if all the 
ingredients removed in the various farm products were restored to the 
land. This is toa large extent accomplished by feeding the crops grown 
on the farm to animals, carefully saving the manure and returning it 
to the soil, and if it is practicable to pursue a system of stock feeding 
in which those products of the farm which are comparatively poor in 
fertilizing constituents are exchanged in the market for feeding stuffs 
of high fertilizing value the loss of soil fertility may be reduced to a 
minimum or there may be an actual gain in fertility. 

The following table, showing the amounts of fertilizing constituents 
in 1 ton of different agricultural products, indicates directions in which 
such an exchange may be effected with advantage: 


Manurial constituents contained in 1 ton of various farm products. 
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The exchange of 1 ton of corn for 1 ton of wheat bran, for instance, 
will result in a gain of 16 pounds of nitrogen, 43 of phosphoric acid, 
and 21 of potash. With an exchange of milk or potatoes for the con- 
centrated feeding stuffs the gain is still more striking. 

A careful study of the present condition of farming in the United 
States indicates, however, that as a rule the manure produced on the 
farm is not sufficient to maintain its fertility and that the need for arti- 
ficial supplies is real, though the amount required may be considerably 
reduced by careful management. 

In the system of so-called “grain farming” which has obtained over 
large areas of this country for a long time, and is still practiced in the 
Eastern, Middle, and Central Western States, the live stock kept is often 
limited to a number sufficient only to the needs of the farm for labor 
and food; the grain is sold, and the manure is made up chiefly of the 
natural wastes, or unsalable material, such as straw, stalks, ete. The 
grain contains proportionately greater amounts of nitrogen and mineral 
constituents than these wastes; hence the practice continued for a long 
time results not only in a deficiency in the soil of organic substances 
containing nitrogen, but also in an exhaustion of the mineral sub. 
stances. The original character of the soil and its treatment measure 
the rate of exhaustion. The less fertile soils of the East and South 
are rapidly depleted, while the rich prairie and river bottoms maintain 
their fertility for a longer period. 

Special crop farming, as for example the continuous cotton and 
tobacco growing of the South and the wheat growing of the West, is 
even more exhaustive, since here the demands upon the soil are not 
changed—year after year the same crop is grown and the same kind 
and proportion of constituents are required, while even less returns 
are made in the way of manure than in the system of farming above 
described. Moreover, the land is left bare for a large part of the year 
and loss of fertility from this cause is very large. The crops are less 
abundant each year, not because the soil is entirely exhausted, but 
because it is so far exhausted of those constituents essential to the 
special crop grown that its production is no longer profitable. 

Changed conditions of farming, which have an important bearing on 
this point, may be observed in two directions—(1) in the increased cost 
of labor and in the lower prices of grain, cotton, and tobacco; and (2) 
in the increasing demand for market garden products and fruit. For 
example, in growing wheat, the labor of preparing the soil, of cultiva- 
tion, and of harvesting is practically the same whether the yield is 10 
bushels per acre or 30 bushels. The same is true of a number of other 
crops; hence in the larger yield the cost of labor per bushel is mate- 
rially reduced; meager crops of a relatively low value can not be pro- 
duced profitably with high-priced labor. Soils of a high degree of 
fertility are required in order to produce large yields of these crops. 
The return to the soil of only the wastes of the farm results sooner or 
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later in a decrease in fertility, however good the management may be; 
hence the need of supplies of plant food from sources outside the farm 
in order that maximum crops may be produced. 

In the case of market garden crops, it has been proven that eVen very 
fertile soils contain too little available food to insure a maximum pro- 
duction; this is especially true where rapidity of growth, earliness, and 
high quality of produce are important factors. The areas now neces- 
sarily devoted to these crops are so great that the amount of farm ma- 
nures available is much too small; besides, the constituents contained in 
such manures, being slowly available, are less useful than the more 
active forms contained in commercial fertilizing materials. They are 
in a sense artificial crops and, as a rule, need artificial supplies of plant 
food. 

Fruit culture, an industry of growing importance, is profitable, par- 
ticularly on the poorer soils near the Eastern markets, largely in pro- 
portion to the supply of the mineral elements in excess of those contained 
in soils otherwise well adapted to the crops. <A sufficiency of food not 
only enables the trees to resist unfavorable conditions, but improves 
the quality of the fruit and extends the bearing period of the orchards 
and vineyards. 

It will thus be seen that it is either to make up the deficiencies of 
farm manures or in specialized intensive farming that commercial fer- 
tilizers can be most advantageously used. The latter should supple- 
ment and not entirely replace the manurial resources of the farm. They 


give best results as a rule on soils well stocked with organic matter 
(humus), a material which can be maintained in soil only by the regular 
application of the bulky farm manures (including green manures).! 


FERTILIZER REQUIREMENTS OF DIFFERENT SOILS AND CROPS. 


Nitrogen, phosphoric acid, and potash are the constituents most likely 
to be deficient in soils or most quickly exhausted by the production and 
removal of crops. These are known as “ essential” fertilizing constitu- 
ents, and the value of a commercial fertilizer is determined almost 
exclusively by the amount and form of the nitrogen, phosphoric acid, 
and potash which it contains. It does not follow, however, that all 
soils or crops will respond equally to applications of materials contain- 
ing these elements, because the needs of soils and the requirements of 
crops vary. 

Soils differ in respect to their needs for specific elements, owing either 
to their method of formation or. to their management and cropping. A 
sandy soil is usually deficient in all the essential plant-food constitu- 
ents—nitrogen, phosphoric acid, and potash—while a clayey soil usually 
contains the mineral elements in abundance, particularly potash. On 
the other hand, a soil very rich in vegetable matter is frequently 


1See Farmers’ Buls. 16 and 21 of this Department. 
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deficient in mineral matter, while a limestone soil is likely to contain 
considerable proportions of phosphoric acid. These are the indications 
in a general way, and they explain why it is that different kinds of soil 
that have not been cropped differ in respect to their needs in refer. 
ence to the different fertilizing constituents. 

Methods of management and cropping also exert an influence; for 
example, soils of equal natural fertility may not respond equally to 
uniform methods of fertilization, because in the one case a single crop, 
requiring for its growth proportionately more of one of the essential 
elements than of another, is grown year after year, and it may be that 
the element required is the one that exists in the soil in least quantity, 
On the other hand, crops may be grown that demand but minimum 
amounts of the element in question; hence its application to the soil for 
the one crop may be followed by largely increased returns, while for the 
other but little if any increase in crop is apparent. 

In the matter of management, too, a considerable variation may be 
observed. One soil may lose a large portion of its essential constit- 
uents, because no pains are taken to retain for the use of the crop the 
constituents annually rendered available through the natural agencies 
of sun, air, and water; while in another, by means of careful cultiva- 
tion and the use of absorbents and catch crops, the constituents made 
available are largely retained. 

Crops differ in respect to their power of acquiring food.—The legumes, 
a class of plants which includes tlhe various clovers, peas, beans, 
vetches, ete., differ from other plants in being able, under proper con- 
ditions, to acquire their nitrogen from the air, and can, therefore, make 
perfect growth without depending upon soil nitrogen. On the other 
hand, the various. grasses and grains are not only dependent upon soil 
nitrogen, but they must have an abundance during their most rapid 
period of growth in order to attain their naximum development. For 
the latter class of plants favorable results are secured from the proper 
use of nitrogenous manures, while for the former class the application 
of nitrogenous manures simply results in supplying an element which 
could have been secured quite as well by the plant itself, without 
expense. Illustrations could be multiplied, though perhaps less strik- 
ing than this, showing that the variations in crops in respect to their 
power of acquiring food are really very great, and a right knowledge 
of this fact has a most important bearing upon the economical use of 
commercial manures. 

“The most satisfactory, and, indeed, usually the only method,” says 
Armsby, “‘ by which we can at present determine the needs of a soil is 
to ask the question of the soil itself by growing a crop upon it with 
different kinds of fertilizers and noting the result. Such soil tests with 
fertilizers have in many cases given results of much immediate prac- 
tical value for the locality in which they were undertaken. As a rule, 
however, farmers have looked upon such experiments as something too 
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costly and complicated for them to undertake, and consequently they 
have perforce been content to use fertilizers in a more or less hap- 
hazard manner, and in many cases, no doubt, at a great financial dis- 
advantage.” 

While such tests are not so difficult or expensive as is often sup- 
posed, it is recommended that before the farmer undertakes them for 
the first time he seek the advice of someone familiar with the details of 
such work, or, preferably, apply to the experiment station of his State. 


FORMS, SOURCES, AND COMPOSITION OF FERTILIZING MATERIALS, 


The term “form” as applied to a fertilizing constituent has reference 
to its combination or association with other constituents, which may 
be useful, though not necessarily so. The form of the constituent, too, 
has an important bearing upon its availability, and hence upon its useful- 
ness aS plant food. Many materials containing the essential elements 
are practically worthless as sources of plant food because the form is not 
right; the plants are unable to extract them from their combinations; 
they are “unavailable.” In many of these materials the forms are 
changed by proper treatment, in which case they become valuable not 
because the element itself is changed, but because it then exists in such 
form as readily to feed the plant. 


NITROGEN. 


Nitrogen is the most expensive of the three essential fertilizing ele- 
ments. It exists in three distinct forms, viz, as organic matter, as 


ammonia, and as nitrate. 

Organie nitrogen exists in combination with other elements either 
as vegetable or animal matter. In fact all plants and animals contain 
nitrogen in this form, and the relative value of the various substances 
as sources of nitrogen depends upon their content of it and upon the 
character of the substance and its treatment. All materials containing 
organi¢ nitrogen are valuable in proportion to their rapidity of decay 
or change, because decay and change of form must take place before the 
nitrogen can serve as food. In some cases the decay is longer delayed 
than in others. The material may be hard and dense, or it may have 
been treated for the express purpose of preventing decay, or it may be 
associated with other substances that resist the agents which effect 
decay. Thus organic nitrogen differs in availability not only according 
to the kind of material which supplies it, but upon the treatment it 
receives. 

The most abundant supplies of nitrogen occur in organic forms. The 
most valuable sources of organic nitrogen, from the standpoints of uni- 
formity in composition, richness in the constituent, and availability, are 
dried blood, dried meat, or azotine, and concentrated tankage, which 
are produced in large quantities in slaughterhouses and rendering 
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establishments; dried fish, refuse from fish-oil and canning establish- 
ments; and cotton-seed meal, the residue of the cotton seed after the 
oil has been extracted. These vary somewhat in composition, but 
within comparatively narrow limits (see table, p. 2%). They are all 
rich in nitrogen, and decay rapidly when the conditions are favorable, 
and are very useful in cases where rapid and continuous feeding of the 
plant with nitrogen is desirable. 

These products, while valued principally as sources of nitrogen, also 
furnish more or less phosphoric acid, the dried blood and meat showing 
the least and the fish the greatest amount. Other nitrogenous mate- 
rials which are less desirable are leather meal, horn and hoof meal, 
wool waste, felt waste, and similar products. These contain, as a rule, 
a high content of nitrogen, but they are so very slow to decay that it is 
doubtful whether their use in their original form is advisable when 
forms of known value are available at reasonable prices. Where the 
object is gradually to increase the fertilityof the soil rather than to 
secure immediate returns, they may become useful. Farmers fre- 
quently have access to local supplies at a slight cost, the chief expense 
being the labor of carting and distributing, in which case they are 
worth considering. 

Nitrogen as ammonia exists in commercial manure products in the 
form of sulphate of ammonia, chlorid of ammonia, etc., and is more 
readily available than organic forms. It is one of the first products 
that results from the decay of organic substances. 

Nitrogen in the form of ammonia is obtained almost entirely from 
sulphate of ammonia, which is one of the most concentrated materials 
from which nitrogen is obtained for fertilizing purposes, the commercial 
product containing on the average 20 per centof nitrogen. Asalready 
indicated, ammonia is one of the first products in the decay of organic 
substances, and this, together with the fact of its concentration, makes 
the sulphate an extremely valuable form of nitrogen. While it is 
extremely soluble in water, it is not readily removed from the soil by 
leaching, except in the absence of growing plants, since it is readily 
absorbed by organic and other compounds of the soil. 

Nitrogen as nitrate exists in commercial products as nitrate of soda, 
nitrate of potash, etc. These, like the ammonia compounds, are ex- 
tremely soluble, and the nitrogen contained in them is readily avail- 
able as food for plants. The nitrogen in this form is directly and imme- 
diately available, no further changes being necessary. 

The chief source of nitrogen as nitrate is nitrate of soda. This salt 
is rich in nitrogen, showing on the average 16 per cent, and is quite 
uniform in composition. It is completely soluble in water, diffuses 
readily throughout the soil, and differs from the ammonia compounds 
in forming no insoluble compounds with soil constituents. It is, there- 
fore, liable to be washed out of the soil if applied in too large quanti- 
ties or when there is an absence of vegetation. Plants that derive 
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their nitrogen from the soil secure it chiefly in the form of a nitrate; 
hence nitrate of soda is one of the most directly useful of the nitroge- 
nous materials. 

As already explained, nitrogen in organic forms is changed into 
ammonia by the decay or rotting of the substance. Ammonia, while it 
may nourish plants directly, is usually changed into a nitrate, in which 
form it is taken up by the plant. An application of nitrogen as nitrates 
may be completely used by the plant in a very short time; as ammonia 
or organic matter it may be partially or wholly used in the course of a 
season, depending upon whether the conditions are favorable for caus- 
ing the changes that must take place. 





PHOSPHORIC ACID. 





Phosphoric acid is derived from materials called phosphates, in 
wiich it may exist in combination with lime, iron, or alumina as phos- 
phates of lime, iron, or alumina. Phosphate of lime, however, is the 
form most largely used as a source of phosphoric acid. Phosphoric 
acid occurs in fertilizers in three forms: That soluble in water and 
readily taken up by plants; that insoluble in water, but still readily 
used by plants, also known as “reverted;” and that soluble only in 
strong acids and consequently very slowly used by the plant. The 
soluble and “reverted” together constitute the “available” phos- 
phorie acid. The phosphoric acid in natural or untreated phosphates 
is insoluble in water and not readily available to plants; that is, the 
rate of availability depends largely upon the rapidity with which the 
»substance rots or decays, and the rate of decay again depends upon 
the character of the substance with which the phosphate is associated. 
If it is combined with organic substance, as in animal bone, the rate 
of decay is more rapid than if with purely mineral substances. The 
insoluble phosphates are converted into soluble forms by treatment 
with strong acids, as explained later. Such products are known as 
acid phosphates or superphosphates. 

Bone, in its various forms, is the only one of the insoluble phosphates 
that is now used directly upon the soil, or without other change than 
is accomplished by mechanical action or grinding. The terms used 
to indicate the character of the bone have reference rather to their 
mechanical form than to the relative availability of the phosphoric 
acid contained in them. The terms “raw bone,” “ fine bone,” “ boiled 
and steamed bone,” ete., are used to indicate methods of preparation, 
and inasmuch as bone is a material which is useful largely in propor- 

tion to its rate of decay, its fineness has an important bearing upon 
availability, since the finer the bone the more surface is exposed for 
the action of those forces which cause decay or solution, and the 
quicker will the constituents become available. In the process of boil- 
ing or steaming, not only is bone made finer, but its physical character 
in other respects is also changed, the particles, whether fine or coarse, 
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being made soft and crumbly rather than dense or hard; hence it is 
more likely to act quickly than if the same degree of fineness be 
obtained by simple grinding. The phosphoric acid in fine steamed 
bone may all become available in one or two years, while the coarser 
fatty raw bone sometimes resists final decay for three or four years, or 
even longer. Bone, however, contains considerable nitrogen, a fact 
which should be remembered in its use, particularly if used in com- 
parison with other phosphatic materials which do not contain this 
element. 

Pure raw bone contains on an average 22 per cent of phosphoric acid 
and 4 per cent of nitrogen. By steaming or boiling, a portion of the 
organic substance containing nitrogen is extracted, which has the effect 
of proportionately increasing the phosphoric acid in the product; hence 
a steamed bone may contain as high as 28 per cent of phosphoric acid 
and as low as 1 per cent of nitrogen. Steamed bone is usually, there- 
fore, much richer in phosphoric acid than raw bone. 

Tankage is a bone product which, as a rule, contains more nitrogen 
than bone proper. It is also more variable in its composition, depend- 
ing upon the proportions of bone and meat used in its preparation. It 
is not so largely used as a direct fertilizer as bone. 

Other phosphates derived from bone, as boneblack, bone ash, ete., are 
but little used directly as sources of phosphoric acid; for while they are 
derived from organic sources, the treatment which they have received, 
besides depriving them of their nitrogen, causes them to be a much 
less valuable source of phosphoric acid than the various forms of bone 
already discussed. In both cases the organic substances which show 
the greater tendency to decay have been removed—in the case of bone- 
black by heating the bone in air-tight vessels, and in bone ash by burn- 
ing in the open air. 

The mineral phosphates differ from what may be termed “organic 
phosphates” in that they contain no organic or animal matter, and that 
they are more compact and dense in their nature. The chief sources 
of these phosphates are the river and land phosphates of South Caro- 
lina, the “soft,” “pebble,” and “rock” or ‘‘bowlder” phosphates of 
Florida, the “apatites” of Canada, the phosphate mines of Tennessee, 
and phosphatic slag,! a waste product from the manufacture of steel 
from phosphatic iron ores. With the exception of the latter, which is 
not an abandant product in this country, these phosphates are not 
yet used to any considerable extent,even when very finely ground? with- 
out having been treated with acid. They are, however, the chief raw 
materials from which superphosphates are made. 

Superphosphates, or soluble phosphates, are derived from the insol- 
uble materials already described by first grinding to a powder and 


1 Also known as Thomas Phosphate Powder, Thomas slag, and Odorless Phosphate. 
2Finely ground mineral phosphate known as “ floats” has been used to a limited 
extent in some localities. 
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then mixing with sulphuric acid, which changes the insoluble phosphoric 
acid to the soluble form. The soluble phosphoric acid thus obtained 
is a definite chemical compound, and is identical in composition what- 
ever may have been the material from which it was derived. The term 
superphosphate is, therefore, applied to any material containing soluble 
phosphoric acid as its chief constituent. In superphosphates there is 
nearly always present, however, in addition to the soluble, the reverted 
form, which is probably quite as useful as the soluble form. The super- 
phosphates made from boneblack and bone ash differ from the mineral 
superphosphates mainly in showing a higher content of ‘ available” 
phosphoric acid, an average of 16 per cent, which is practically all sol- 
uble. Mineral superphosphates contain on the average 14 per cent of 
available, which may include from 1 to 3 per cent of reverted, besides 
more or less of the insoluble. Superphosphates made from animal 
bone differ from those made from the other materials mentioned in 
containing nitrogen in addition to phosphoric acid. They are, how- 
ever, sometimes called “ammoniated superphosphates” or ‘dissolved 
ammoniated bone.” 

In the use of phosphoric acid, therefore, it must be remembered that 
the source has an important bearing in determining whether it is used 
as a phosphate or as a superphosphate. As regards the untreated 
phosphates, it must be remembered that those derived from organic 
substances, such as bone, are the more valuable because of their greater 
tendency to decay and greater ease of solution, and that this tendency 
to decay is promoted by such means as will increase the fineness of 
division. In the case of superphosphates, those which contain the 
greatest proportion of soluble phosphoric acid are relatively the most 
valuable, because the soluble phosphoric acid readily distributes itself 
in the soil and goes to the roots of plants, while the reverted remains 
where it is placed and the roots of the plants must come to it. In the 
next place, it should be remembered that phosphoric acid is not washed 
from the soil, though in a soluble form, since it is finally “fixed” by 
coming in contact with lime, iron, and other mineral substances usually 
present in good soils. 

POTASH. 

Potash may exist in a number of forms, though chiefly as chlorids, or 
muriates, in which case the potash is combined with chlorin; and as sul- 
phates in which the potash is combined with sulphuric acid. With pot- 
ash, however, the form does not exert so great an influence upon avail- 
ability as is the case with nitrogen and phosphorie acid. All forms are 
freely soluble in water, and are believed to be nearly if not quite equally 
available as food. The form of the potash has, however, an important 
influence upon the quality of certain crops, due rather to the constit- 
uents with which the potash is associated than to the potash itself. 
For example, it has been demonstrated that the quality of tobacco, 
potatoes, and certain other crops is unfavorably influenced by the use 
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of muriate of potash, while the same crops show a superior quality if 
materials free from chlorids have been used as the source of potash 
applied. 

The chief sources of potash salts at the present time are the Stass- 
furt mines of Germany, and the products of these mines, which are 
now readily obtainable in this country, are kainit, sylvinit, muriate of 
potash, high-grade sulphate of potash, and double sulphate of potash 
and magnesia, or double manure salts. The kainit and sylvinit are 
crude products of the mines, and contain, in addition to potash, a 
number of other salts, chiefly ordinary salt (sodium chlorid) and mag- 
nesium sulphate. The potash in kainit, though in the form of a sulphate, 
produces an effect quite similar to that derived from the use of muriate, 
because of the large quantities of chlorids mixed with it. It contains 
on the average about 124 per cent of actual potash. Sylvinit differs 
from kainit in containing a slightly higher per cent of potash, which 
exists both in the form of a sulphate and of a chlorid, and a lower con- 
tent of the magnesia and other salts. The other potash products men- 
tioned are manufactured from the crude forms, and are much more 
concentrated. The muriate and sulphate contain on the average about 
50 per cent of actual potash. The chief impurity in the case of the 
muriate is common salt. The double sulphate of potash and magnesia 
contains about 26 per cent of actual potash, though much lower grades 
of this material are found. 

Materials that do not show a wide variation in composition, and in 
which the constituents are practically uniform in their action, may be 
regarded as standard in the sense that they can be depended upon 
to furnish practically the same amount and form of the constituents 
wherever secured. For example, a ton of nitrate of soda or boneblack 
superphosphate (dissolved boneblack) will on the average furnish 320 
pounds of nitrogen or of phosphoric acid, the nitrogen all in the form 
of a nitrate and the phosphoric acid practically all soluble; whereas a 
ton of tankage, for instance, will vary widely both in the content and 
in the availability of its nitrogen and phosphoric acid, depending upon 
the method by which it has been derived. Hence, nitrate of soda, 
sulphate of ammonia, dried blood, and superphosphates and potash 
salts are standard products, because they can be depended upon both 
in respect to the content and form of their constituents. 


AGRICULTURAL V. COMMERCIAL VALUE OF FERTILIZERS. 


The agricultural value of any of the fertilizing constituents is meas- 
ured by the value of the increase of the crop produced by its use, and is, 
of course, a variable factor, depending upon (1) the availability of the 
constituent, and (2) the value of the crop produced. For example, in the 
first case, the agricultural value of a pound of soluble phosphoric acid 
is likely to be greater than that of a pound of insoluble when applied 
under the same conditions as to soil and crop, because in the one case 
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the element is in its most available form, while in the other it is least 
available. In the second place, the soluble phosphoric acid may exert 
its full effect and cause a greatly increased yield on a certain crop, and 
still not cause an increase in value sufficient to pay the cost of the 
application, while for another crop the application may result in a very 
great increase in value. The character or form of the materials used 
must, therefore, be carefully considered in the use of manures. Slow- 
acting materials can not be expected to give profitable returns, partic- 
ularly upon quick-growing crops, nor expensive materials such profit- 
able returns when used for crops of relatively low value as for crops of 
relatively high value. 

This agricultural value is, however, separate and distinct from what 
is termed “commercial value,” or cost in market. This value is deter- 
mined by market and trade conditions, as cost of production of the 
crude materials, methods of manipulation required, ete. Since there 
is no strict relation between agricultural and commercial or market 
value, it frequently happens that an element in its most available form, 
and under ordinary conditions of high agricultural value, costs jess in 
market than the same element in less available forms and of a lower agri- 
cultural value. The cost of production in the one case is lower than in 
the other, though the returns in the field are far superior. 

The commercial value has reference to the material as an article of 
commerce, hence commercial ratings of various fertilizers have refer- 
ence to their relative cost and are used largely as a means by which the 
different materials may be compared. 
































THE COMPOSITION OF MANUFACTURED FERTILIZERS, 





VARIATIONS IN 








All manufactured products or brands of fertilizers are made up of 
amixture of the various kinds and forms of the fertilizing materials 
just described, and the differences that exist in the brands of different 
manufacturers are due both to differences in the character and to vari- 
ations in the proportions of the materials used to form the different 
brands; that is, while all manufacturers must go to the sources of 
supply indicated, they may select either good or poor products and 
may vary the proportions of the different materials used. 

The difference between a good brand of fertilizer and a poor one lies 
not so much in differences that may exist in the total amount of plant 
food contained in it as in the quality of the materials of which it is 
made. lor instance, in one brand the nitrogen may have been derived 
entirely from insoluble organic materials and the phosphoric acid from 
untreated phosphates rather than superphosphates; while in another 
the nitrogen may have been derived from the three sources of nitrogen, 
viz, nitrates, ammonia salts, and organic matter, and the phosphoric 
acid entirely from superphosphates. In the first brand the total food 
contained may be quite as great as in the other, yet the immediate 
results obtained from its use would be less satisfactory than that 
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obtained from the one containing the more active forms of fertilizing 
constituents. 

The differences that exist between good and poor fertilizers are 
quite clearly shown by the chemical analyses made by the various 
experiment stations, provided the analysis is carried far enough to 
show both the amount and form of the nitrogen, phosphoric acid, and 
potash. Tor instance, an analysis which shows that a considerable pro- 
portion of the nitrogen exists as nitrates or as ammonia is positive 
evidence that good nitrogenous materials have been used; if it shows 
that the phosphoric acid is largely in a soluble form, the consumer 
knows that superphosphates have been used. On the other hand, if 
all the nitrogen is shown to be in the form of organic matter, and that 
a large proportion of the phosphoric acid is insoluble, it is evident 
that materials containing less active forms of plant food have been 
used. In the next place, it is the quality and amount of plant food that 
is contained in a fertilizer which determines its value rather than the 
relative proportion of the various constituents, though under certain 
well-known conditions the latter is of very considerable importance. 
Special crop brands are particularly useful only when an abundance of 
all the plant-food constituents are present in the soil. 


THE PURCHASE OF FERTILIZERS. 


As a rule, farmers are inclined to purchase fertilizers on the ton basis, 
without sufficient regard to the content or form of the ecnstituents 
contained in them. The direct value of a fertilizer is determined by 
the percentage of nitrogen, phosphoric acid, or potash which it con- 
tains. Hence, the buying of a fertilizer is virtually the buying of one 
or more of these constituents. The more concentrated the material or 
the richer it is in plant food the less will be the expense of handling 
*he constituent desired. 

The following are illustrations of the methods by which brands may 
be made up, the differences that may exist in the content of actual fer- 
tilizing constituents, and the causes of variation in ton prices: 


Formula No. 1. 


Nitrate of soda 500 lbs., furnishing nitrogen 801bs.,or 4p. ct. 
Boneblack superphosphate 1, 1001bs., furnishing phosphoric acid 1801bs., or 9p. ct. 
Muriate of potash 400 1bs., furnishing potash 200 lbs., or 10 p. ct. 


Total 2, 000 Ibs., furnishing total plant food 460 lbs. 


Formula No. 2. 


Nitrate of soda 250 lbs., furnishing nitrogen 40 lbs., or 2 p. ct. 
Boneblack superphosphate 1, 0001bs., farnishing phosphoric acid 160 Ibs., or 8 p. ct. 
Muriate of potash 801bs., furnishing potash......--. 40 1bs., or 2 p. ct. 
Make-weight 670 lbs. 


2, 000 lbs., furnishing total plant food. 240 lbs, 
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Formula No. 1 shows a high-grade product, both in respect to qual- 
ity of plant food and concentration, while No. 2 is high-grade only in 
respect to quality. In order that the plant food may be contained in 1 
ton it is necessary to add what is called ‘“‘make-weight,” or a diluent, 
usually consisting of substances that contain no direct fertilizing value. 

“High-grade mixtures can not be made from low-grade materials. 
Low-grade mixtures can not be made from high-grade materials with- 
out adding ‘make-weight.’ The advantages of high-grade products 
are concentration and high quality of plant food.” ! 

It will be observed that formula No. 1 contains nearly twice as much 
plant food as No. 2; or, in other words, it will require about 2 tons of 
a fertilizer made according to formula No. 2 to secure the same total 
amount of plant food as is contained in 1 ton of No. 1. Now, the 
material in No. 2 other than the actual plant food is of no direct fer- 
tilizing value, but the actual cost of the constituents is considerably 
increased, because the expenses of handling, bagging, shipping, and 
selling are just double what they would be for No. 1. 

It has been shown by continued studies at the New Jersey Experi- 
ment Station that the charges of the manufacturers and dealers for 
mixing, bagging, shipping, and other expenses are, on the average, 
$8.50 per ton; and also that the average manufactured fertilizer con- 
tains about 300 pounds of actual fertilizing constituents per ton. A 
careful study of the fertilizer trade indicates that these conditions aré 
also practically true for other States in which large quantities of com- 
mercial fertilizers are used. 

Formula No. 1 would contain 460 pounds of actual available fertiliz- 
ing constituents per ton—160 pounds, or over 50 per cent, more than is 
contained in the average manufactured brand. That is, a farmer pur- 
chasing a brand similar to formula No. 1 would secure in 2 tons as much 
plant food as would be contained in 3 tons of the average manufactured 
brand. Assuming that the charges per pound of plant food at the 
factory, and that the expense charges are the same in each case, and 
also that the quality of plant food in the one is as good as in the other, 
the consumer would save $8.50 by purehasing 2 tons of the former 
instead of 3 tons of the latter. In a few States the consumption of 
fertilizers ranges from 150,000 to over 300,000 tons annually, while in 
many it is from 25,000 to 50,000 tons. 

Thus is shown the very great saving that may be effected in the mat- 
ter.of the purchase of fertilizers from the standpoint of concentration 
alone, or, in other words, the importance of a definite knowledge of 
what constitutes value in a fertilizer. This saving may be accom- 
plished, too, without any detriment to the manufacturer, since the 
difference to him between making high-grade or low-grade goods, in 
reference to concentration, is largely a matter of unskilled labor. The 
manufacturers are in the business to cater to the demands of the trade; 














































1 First Principles of Agriculture, E. B. Voorhees, p. 109, 
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if consumers are intelligent, high-grade rather than low-grade goods 
will be provided by the manufacturers. Furthermore, as already indi- 
cated, high-grade in the matter of concentration means high-grade 
in quality, for high-grade mixtures can not be made from low-grade 
products. 

In many cases, too, it is desirable to purchase the unmixed fertilizing 
materials, either for use singly or to be mixed at home. Here, too, a 
great saving may be effected—(1) in the cost per pound of the constitu- 
ents; (2) in freight rates, and (3) in having the mixing performed by 
the ordinary labor of the farm, at times when it does not interfere with 
regular outdoor work. The advantages to be derived from this method 
are, however, fully realized only when it is possible to purchase in large 
quantities for cash. 

As an illustration of the saving that may be effected, it is but neces- 
sary to cite the experience of a farmers’ organization in New Jersey, 
which now purchases annually some 500 or 600 tons of unmixed goods, 
The cost per pound of the ingredients is to them over 40 per cent less 
than the average cost to those who buy the average mixture in small 
quantities ‘“‘on time” from their local dealers. 

It has been shown, too, by the studies of many of the experiment 
stations of both the East and South that the materials can be evenly 
mixed on the farm; besides, samples carefully taken show as good a 
mechanical condition as those made by the leading manufacturers. 

This method of purchasing also possesses the further advantage of 
enabling the farmer to apply just the kind and form of ingredient 
that he has found by experience or experiment to be best adapted to 
his soil and crop. Besides, he knows positively, particularly in case of 
the element nitrogen, whether it is in the form of nitrate, ammonia, or 
organic matter, and whether the organic nitrogen is contained in sub- 
stances that are likely to decay quickly, as blood, cotton-seed meal, 
etc., or in such insoluble and slow-acting substances as ground leather, 
horn, ete. In mixtures the kind of organic nitrogenous substances 
used can not be definitely shown by a chemical analysis. 


CONDITIONS UNDER WHICH FERTILIZERS MAY BE PROFITABLY USED. 


With a more or less complete knowledge of the need of artificial 
supplies of fertilizer, the character, composition, and usefulness of 
the various materials, and the best method of purchase,. the practical 
question arises, Will it pay to use them? Many of our most successful 
farmers are by their practice answering this question in the affirmative. 
It is, however, not entirely a question of plant food with them, and one 
phase of it may be illustrated by the following typical case: Mr. A 
applies fertilizer, his crop is doubled or tripled, and a reasonable 
profit is secured. Mr. B applies the same amount and kind under simi- 
lar natural conditions of soil and receives no benefit. The difference 
in results is due not to the fertilizer, but to the farmer himself. In 
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one case the natural agencies—sun, air, and water—were assisted and 
enabled to do their maximum work, because care was taken to make 
the conditions other than the supply of plant food as perfect as possi- 
ble, while in the other they were prevented from exercising their full 
influence because physical conditions of soil were imperfect, due to care- 
less plowing, seeding, cultivation, and cropping. 

In other words, the profit from the use of fertilizers is measured to 
a large degree by the perfection of soil conditions which are entirely 
within the power of the farmer to control. The production possible 
from a definite amount of plant food can be secured only when the 
conditions are such as to permit its proper solution, distribution, and 
retention by the soil. 

The fact that fertilizers may now be easily secured and are easily 
applied has encouraged careless use rather than a thoughtful expend- 
iture of perhaps an equivalent amount of money or energy in the 
proper preparation of the soil for them. Of course it does not follow 
that no returns are secured from plant food applied under unfavorable 
conditions, but it needs to be emphasized that full returns can not be 
obtained under such circumstances either with or without fertilizers. 
Good plant food is wasted and the profit possible to be derived is 
largely reduced. Moreover, farming in its strict sense is the conver- 
sion of three essential elements into salable products, and therefore 
the use of plant food must be governed largely by its cost, and the 
kind of crop upon which it is applied. 

The very high prices paid by many for fertilizers—though admittedly 
due to their lack of knowledge concerning what constitutes value in 
a fertilizer and to irrational methods of buying—renders it impossible 
to secure a reasonable profit by their unsystematic use upon such sta- 
ple products as wheat, corn, oats, cotton, and tobacco, because these 
crops absorb relatively large amounts of the manurial constituents, and 
are at the present time products of relatively low value. 

The bushel or pound of crop contains a high content relatively of 
the fertilizing constituents while the selling price is low, thus leaving 
but a narrow margin between the cost of the constituent and the price 
received for it in the product. 

The growth of such crops as potatoes, tomatoes, sweet potatoes, 
forage crops for the dairy, and vegetable crops for the market or can- 
nery by the use of high-priced plant food is more often attended with 
profit, because they are usually crops of high market value and are 
proportionately less exhaustive. This does not mean that the former 
crops shall be abandoned, but rather that our systems of practice shall 
be changed so as to include in the rotation some high-priced crop to 
which shall be applied such an abundance of plant food as to insure a 
yield, limited only by the season and climate, which will, under average 
conditions of soil and season, yield a profit, besides leaving a residue 
of plant food for the cereals, grasses, or catch crops that follow. These 
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being capable of extracting their mineral food from relatively insoluble 
sources will yield a large increase of crop without a direct outlay for 
fertilizers. Farming will thus be more successful, because profitable 
crops are secured, while at the same time fertility is increased. 










TO USE. 





THE KIND OF FERTILIZER 


The kind of fertilizer to use should be considered (1) in reference 
to whether it shall be nitrogenous, phosphatic, or potassie in its char- 
acter, and not to whose brand shall be used; and (2) as to the form 
in which the fertilizing constituents exist, whether quickly or slowly 
available. A proper understanding of these points requires that we 
shall consider briefly the various classes of farm crops and their power 
of acquiring food. 

The cereals, Indian corn excepted (see p. 23), and grasses are quite 
similar in their habits of growth, and may be regarded as a class 
distinguished by extensive root systems and long periods of growth, 
which enable them to extract the mineral food necessary from rela- 
tively insoluble sources, and because of their very rapid development 
of leaf and stem during a short season just before maturity are unable 
to make normal growth during this period without an abundance of 
nitrogen in immediately available forms. This period usually precedes 
the time of rapid nitrification; hence on soils of good natural fertility 
the application of nitrogen at the right time and in the form of a nitrate 
results in a largely increased crop. The fact here stated has led cer- 
tain eminent scientists to regard nitrogen as a dominant or ruling 
element for this class of plants, and it is true if the limitations are 
properly understood. 

The leguminous crops—clover, peas, beans, vetches, etc.—should also 
be regarded as a distinct class. They possess powers of acquiring food 
which, as far as we know now, are not common to any other class of 
plants. They do not depend altogether upon soil sources for their 
nitrogen, but draw this element partly from the air, and they make 
almost ravenous use of the mineral constituents, particularly potash 
and lime. A knowledge of these facts is not only useful in indicating 
what kind of manures to use, viz, an abundance of the mineral constit- 
uents only, but suggests that the growth of these crops must result in 
the enrichment of soils in the expensive element, nitrogen, so essential 
for crops whose exclusive source of supply is the soil.' 

Root and tuber crops may also be regarded as a class which, because 
of their habits of growth, are unable to make ready use of the insolu- 
ble mineral constituents of the soil, and hence for full development 
require an abundance of all the fertilizing constituents in readily avail- 
able forms. Of the three classes of fertilizing constituents, the nitro- 
gen is especially useful for the slow-growing beets and mangels; soluble 
phosphates are required in abundance for the turnip; and potatoes, 



































1 Farmers’ Bul. 16 of this Department. 
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white and sweet, respond favorably to liberal dressings of potash. 
That is, while the fertilizers should contain all three elements, certain 
of the crops, because of their peculiarities of growth, require certain of 
them in greater relative amounts and in immediately available forms. 

The object of the growth, too, whether for the immature produce or 
for the fully developed plant, is a matter worthy of careful considera- 
tion. In other words, Shall the fertilizing be of such a character as to 
stimulate and foree an unnatural and artificial. growth, or such as 
assists in the natural development of the plant? That the specific 
function of nitrogenous manures is to encourage and even force leaf 
development is a fact not disputed by the highest authority; hence 
their use in stimulating unusual growth is of the greatest importance 
in growing market-garden crops, in order that the tenderness and suc- 
culence, which is the measure of quality in most of those products, 
may be secured. 

Fruit trees are slow-growing plants and therefore do not need quick- 
acting fertilizers as a rule. They appropriate plant food very slowly, 
and highly soluble manures, such as nitrate of soda, are liable to be 
washed out of the soil without being utilized. For this reason the use 
of nitrate of soda is not advised except where the growth of nursery 
stock is to be foreed or where bearing trees exhibit a lack of luxuri- 
ance in foliage. The old and still common practice of fertilizing fruit 
trees every few years with slowly decomposing manures, such as barn- 
yard manure, leather waste, horn refuse, wool waste, leaf mold, tobacco 
stems, ete., is thus seen to have more or less of a scientific basis, 
Frequently, however, it is desirable to stimulate the growth and 
fruitfulness of the trees, and for this purpose more active fertilizing 
materials than the above are needed. In selecting and mixing the 
latter the fact that fruits are ‘“‘ potash feeders” should be taken into 
consideration. 

Probably there is no better fertilizer for fruit trees than a mixture of 
muriate of potash and ground bone (1 part of the former to 14 parts 
of the latter). A good practice is to apply this mixture to clover or 
some other leguminous crop which is turned under as a green manure, 
and ‘in addition, where tobacco stems can be obtained cheaply, to apply 
these about the trees. Wood ashes or cotton-hull ashes may be sub- 
stituted for muriate of potash if these products can be obtained at 
reasonable prices. 

The fertilizer requirements of small fruits are similar to those of or- 
chard fruits, but being as a rule more rapid growers they can utilize 
to advantage heavier applications of soluble fertilizing materials and 
do not derive the same benefit as orchard fruits from slowly decompos- 
ing manures. : 

In deciding upon the kind of manure to use the character of the soil 
must, of course, be taken into account. Crops grown on soils poor in 
decaying vegetable matter (humus) are as a rule benefited by appli- 
cations of nitrogenous manures, while those grown upon soils well 
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supplied with this substance are more benefited by phosphates and 
potash. Upon heavy soils phosphates are likely to be more beneficial 
than nitrogen, while the reverse is the case on light dry soil. Al sandy 
soils are as a rule deficient in potash, while clayey soils contain this 
element in larger quantities (see p. 7). 

In this discussion the barest outlines have been drawn. There are 
many exceptions to the general rules. The farmer, with the general 
principles well in mind, must use his intelligence in applying them to 
his conditions. 


FERTILIZERS SHOULD BE APPLIED SYSTEMATICALLY. 


The suggestions already given lead to another of great importance, 
viz, that the use of fertilizers should be systematic. In order that this 
may be accomplished, a definite system of cropping should be adopted 
and a definite scheme of manuring worked out that shall meet the con- 
ditions of crop, season, and climate, and enable the farmer to utilize to 
the best advantage home and local supplies of manure. While it is 
impossible to give more than the merest outline of such methods, the 
following suggestions are offered: 

In the first place, in nearly every State or even locality some one 
system of cropping is better adapted to the conditions than another. 
It may be the extensive system, which includes large areas, and the 
crops, grain, cotton, tobacco, or sugar cane; or the ‘intensive system,” 
with smaller areas and crops of quicker growth and higher value. For 
the former a method of manuring should be adopted which is not too 
expensive, but which provides for increased crops and gradual gain in 
fertility. It would be impracticable in extensive farming, for example, 
to attempt to increase the yield of a wheat crop from 12 to 30 bushels 
per acre by the addition of fertilizers only, for, as already pointed 
out, plant food is but one of the conditions of fertility, and if it were 
practicable from the standpoint of yield, it would be folly from the 
standpoint of profit. 

A study of the following common four-year rotations—Indian corn, 
potatoes, wheat, and hay—will illustrate what is meant by rational 
and systematic methods of manuring. On soils of medium fertility 
spread the farm manure during the fall and winter, and after the land 
is plowed apply broadcast and harrow in, or harrow first and then drill 
in, 400 pounds per acre of a mixture made of 100 pounds each of cotton- 
seed meal, ground bone, acid phosphate, and muriate of potash, or 
their equivalent in kind and form of other fertilizing constituents. 

This mixture would have approximately the following composition: 
Nitrogen 2.5 per cent, phosphoric acid 10 per cent, and potash 12.5 
per cent. If the land has not been previously manured, or if it is of 
a light sandy character, the proportion of nitrogenous matter should 
be increased and the application be heavier, say, from 600 to 800 
pounds. 
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Corn makes its most rapid growth and development during the hot 
season, Which is very favorable for rapid decay and consequent nitrifi- 
cation of organic substances in the soil. The nitrogenous manures, 
therefore, may be less in amount than for crops which develop rapidly 
earlier in the season, and for the same reason may consist of organic 
forms. The mineral constituents, particularly the phosphates, which 
the crop acquires less readily, because of its comparatively short season 
of growth, are applied in such forms and in such amounts as to provide 
for a largely increased crop, even though the seasonal conditions are 
not perfect. 

For the potatoes, as a minimum application 650 pounds per acre of 
the following mixture may be used: 
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This mixture contains—nitrogen 3 per cent, phosphoric acid 8 per 
cent, and potash 12 per cent. In this application we are guided by 
certain other well-defined principles, chief of which are: This is usually 
the money crop of the rotation; we can therefore afford a more expen- 
sive manuring. Since it grows and matures in a comparatively short 
time, we need to furnish a reasonable excess of plant food in order that 
the crop may be abundantly supplied even though unfavorable condi- 
tions oceur. It is a crop which is particularly benefited by potash, and 
we must therefore provide that element in largest proportion; and as 
itis not an exhaustive crop, we may expect considerable increase in 
soil fertility due to the unused residue. 

After the potatoes are removed the land, on account of the frequent 
cultivation of the potato crop, is in fine mechanical condition essential 
for the rapid germination and early growth of wheat. It is also well 
supplied with plant food because of the manure applied to the previous 
crops in excess of their needs. 

For the wheat, therefore, such home supplies of manure as are avail- 
able may be applied after plowing and well worked into the surface 
soil with the addition at time of seeding of 200 pounds per acre of dis- 
solved bone, or a mixture of 100 pounds each of ground bone and acid 
phosphate. In spring, if the crop does not show a vigorous condition, 
sow broadcast 100 pounds per acre of nitrate of soda. 

By this method the manuring is accomplished at a minimum expense, 
and the phosphates which are so essential for the proper development 
of the grain are provided, partly in an immediately available form, 
partly in a form that will gradually decay and feed the crop at later 
stages of growth. The nitrogen is applied when the plant has greatest 
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need for 1t and in a form immediately available, while for potash the 
plant depends entirely upon the accumulated soil supplies. The hay 
crop which follows, if it consists of clover, will be able to make normal 
growth with added supplies of phosphoric acid and potash only, which 
may consist of a mixture of equal parts of acid phosphate and muriate 
of potash at the minimum rate of 200 pounds per acre. 

This method of fertilizing should not be changed from year to year, 
but followed in the succeeding rotation courses, and it will enable the 
farmer to secure an increased yield and improvement in soil at a mini- 
mum expense. 

The principles involved may also be applied in other lines of farming, 
modified by character of soil, climate, and kind of crop. In market 
gardening the amounts applied should be proportionately increased, 
and a larger proportion of the more active forms used, because in this 
case quick-growing crops which belong to the high-value class are pro- 
duced. For fruit trees, which feed slowly and continuously, the mineral 
elements, as already explained, should be applied in greater amounts, 
and may be derived from the.cheaper and more slowly available forms, 


SUMMARY. 


(1) Commercial fertilizers are mainly valuable because they furnish 
the elements—nitrogen, phosphoric acid, and potash—which serve as 
food, not as stimulants. 

(2) The kind of farming in the past and the demands for special 
products in the present make their use necessary in profitable farming. 

(3) In order to use them profitably the farmer should know— 

(a) That nitrogen, phosphoric acid, and potash are the essential 
manurial constituents ; 

(b) That the agricultural value of these constituents depends 
largely upon their chemical form ; 

(c) That these forms are contained in specific products of a well- 
defined character and composition, and may be purchased as such 
from dealers and manufacturers and may be mixed successfully on 
the farm. 

(4) The agricultural value of a fertilizer bears no strict relation to 
the commercial value; the one is determined by soil, crop, and climatic 
conditions, the other by market conditions. 

(5) The variations in the composition and value of manufactured 
fertilizers which contain the three essential constituents are «due to 
variations in the character and in the proportion of the materials used. 

(6) The ton basis alone is not a safe guide in the purchase of these 
commercial fertilizers. Low ton prices mean either low content of 
good forms of plant food or the use of poorer forms. Fertilizers, high- 
grade both in quality and quantity of plant food, can not be purchased 
at a low price per ton. 
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(7) The best fertilizers can not exert their full effect on soils that are 
too dry or too wet, too compact or too porous. They can furnish but 
one of the conditions of fertility. 

(8) The kind and amount to use should be determined by the value 
of the crop grown and its power of acquiring food. 

(9) A definite system or plan should be adopted in their use; “hit or 
miss ” methods are seldom satisfactory, and frequently very expensive. 















Composition of the principal commercial fertilizing materials. 
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1. Supplying nitrogen: Per cent. Percent. Percent., Percent. | Per cent. | Per cent. 
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2. Supplying phosphoric acid: | 
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3. Supplying potash: | | 
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1In good Thomas slag at least 80 per cent of the phosphoric acid should be soluble in ammonium 


citrate, i. e., available. 
2Cotton-hull ashes contains about 10 per cent of linre, unleached wood ashes 30 to 35 per cent, and 


leached wood ashes 35 to 40 per cent. 
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U. S. DEPARTMENT OF AGRICULTURE, 
OFFICE OF EXPERIMENT STATIONS, 
Washington, D. C., March 8, 1906. 
Sm: I have the honor to transmit herewith and to recommend for publication 
a revision of Farmers’ Bulletin 44 on Commercial Fertilizers, prepared by E. B. 
Voorhees, director of the New Jersey Agricultural Experiment Stations. In this 
revision the original bulletin has been practically rewritten and the information 
brought up to date. 
Respectfully, 
A. C. True, Director. 
Hon. JAMES WILSON, 
Secretary of Agriculture. 
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COMMERCIAL FERTILIZERS. 


There is, perhaps, no question of greater importance to the practical 
farmer than that of soil fertility. To produce profitable crops and 
at the same time to maintain and even to increase the productive 
capacity of the soil may rightly be termed “ good farming.” Many 
farmers are able to do this, and the knowledge of how to do it has 
been largely acquired through years of experience, during which the 
character of the soil, its adaptability for crops, and the methods of 
its management and manuring have been made the subjects of careful 
study, without, however, any definite and accurate knowledge con- 
cerning manures and their functions in relation to soils and crops. 
Experience is an excellent teacher, still a definite knowledge of the 
fundamental principles may be substituted for years of experience 
in the successful use of manures. 


MANURIAL CONSTITUENTS OF FARM PRODUCTS. 


The fertility of the soil would remain practically unchanged if 
all the ingredients removed in the various farm products were re- 
stored to the land. This is to a large extent accomplished by feeding 
the crops grown on the farm to animals, carefully saving the manure 
and returning it to the soil, and where it is practicable to pursue 
a system of stock feeding in which those products of the farm which 
are comparatively poor in fertilizing constituents are exchanged in 
the market for feeding stuffs of high fertilizing value, the loss of soil 
fertility may be reduced to a minimum, or there may be an actual 
gain in fertility. 

The following table, showing the amounts of fertilizing constitu- 
ents in 1 ton of different agricultural products, indicates directions 
in which such an exchange may be effected with advantage: 
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Manurial constituents contained in 1 ton of various farm products. 


Manurial constituents. 


Farm product. : | Phos- 
Nitro- phoric | Potash. 
acid. 


Pounds. | Pounds. 
Timoth 25.2 
Clover hay -.. 
— a7 o 
‘owpea hay --. nig 
Corn fodder, field cured--_. 
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The exchange of 1 ton of corn for 1 ton of wheat bran, for in- 
stance, will result in a gain of 21 pounds of nitrogen, 46 of phos- 
phoric acid, and 24 of potash. With an exchange of milk or potatoes 


for the concentrated feeding stuffs the gain is still more striking. 


NEED OF COMMERCIAL FERTILIZERS. 


A careful study of the present condition of farming in the United 
States indicates, however, that as a rule the manure produeed on 
the farm is not sufficient to maintain its fertility, and that the need 
for artificial supplies is real, though the amount required may be 
considerably reduced by careful management. 

Effects of grain farming.—In the system of so-called “ grain farm- 
ing,” which has obtained over large areas of this country for a long 
time, and is still practiced, the live stock is often limited to a number 
sufficient only to the needs of the farm for labor and food; the 
grain is sold, and the manure is made up chiefly of the natural 
wastes or unsalable material, such as straw, stalks, etc. The grain 
contains proportionately greater amounts of nitrogen and mineral 
constituents than these wastes; hence the practice continued for a 
long time results not only in a deficiency in the soil of organic sub- 
stances containing nitrogen, but also in an exhaustion of the mineral 
substances. The original character of the soil and its treatment 
measure the rate of exhaustion. The less fertile soils of the East 
and South are rapidly depleted, while the rich prairies and river 
bottoms maintain their fertility for a longer period. 

Effects of one-crop farming.—The continuous cotton and tobacco 
growing of the South and the wheat growing of the West are even 
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more exhaustive, since here the demands upon the soil are not 
changed—year after year the same crop is grown and the same kind 
and proportion of constituents are required, while even slighter 
returns are made in the way of manure than in the system of farm- 
ing just described. Under such conditions the decomposition of 
the organic matter in the soil is accompanied by proportionately 
greater losses of nitrogen. Moreover, the land is left bare for a large 
part of the year, and its fertility is thereby still further decreased. 
The crops become less abundant each vear, not because the soil is 
entirely exhausted, but betause it is so far exhausted of those con- 
stituents essential to the special crop grown that its production is 
no longer profitable. 

Changed conditions of farming, which have an important bearing 
on this point, are: (1) Increased cost of labor and lower prices of 
many of the products of one-crop farming, and (2) an increasing 
demand for market-garden products and fruit. For example, in 
growing wheat, the labor of preparing the soil, of sowing, and of 
harvesting is practically the same whether the yield is 10 bushels 
per acre or 30 bushels, and the same is true of a number of other 
crops; hence in case of the larger yield the cost of labor per 
bushel is materially reduced. Meager crops of a relatively low 
value can not be produced profitably with high-priced labor. Soils 
of a high degree of fertility are required in order to produce large 
yields of these crops. The return to the soil of only the wastes of 
the farm leads sooner or later to a decreased fertility, however good 
the management may be; hence the need of supplies of plant food 
from sources outside the farm in order that maximum crops may be 
produced. 

Market gardening and fruit growing.—It has been demonstrated, in 
the case of market-garden crops, that even very fertile soils contain 
too little available food to insure a maximum production. This is 
especially true where rapidity of growth, earliness, and high quality 
of produce are important factors. The areas now necessarily devoted 
to these crops are so great that the amount of farm manures available 
is much too small; besides, the constituents contained in such manures, 
being in part but slowly available, are less useful than the more active 
forms contained in commercial fertilizing materials. Market-garden 
crops are in a sense artificial crops, and, as a rule, need artificial sup- 
plies of plant food. 

Fruit culture, an industry of growing importance, is profitable, 
particularly on the poorer soils near the eastern markets, largely in 
proportion of the amounts of the mineral elements applied in excess 
of those contained in soils otherwise well adapted to the crops. A 
proper supply of food not only enables the trees to resist unfavorable 
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conditions, but improves the quality of the fruit and prolongs the 
bearing period of the orchards and vineyards. 

It will be thus seen that commercial fertilizers can be used most 
advantageously either in reenforcing farm manures in general, or in 
providing a generous supply of quickly available plant food in spe- 
cialized, intensive farming. It should be the aim in applying such 
fertilizers to supplement rather than to replace entirely the manurial 
resources of the farm, for the best results from their application may 
be secured only on soils well stocked with organic matter (humus), 
a material that can be maintained in the soil only by the systematic 
application of the bulky barnyard or green manures.* 


FERTILIZER REQUIREMENTS OF DIFFERENT SOILS AND CROPS. 


Essential fertilizing constituents—Nitrogen, phosphoric acid, and 
potash are the constituents most likely to be deficient in soils or most 
quickly exhausted by the production and removal of crops. They are 
known as “ essential ” fertilizing constituents, and the value of a com- 
mercial fertilizer is determined almost exclusively by the amount and 
form of the nitrogen, phosphoric acid, and potash which it contains. 
Ti does not follow, however, that all soils or crops will respond equally 
to applications of materials containing these elements, for the needs 
of soils and the requirements of crops vary. 

Differences in soils.—Soils differ as to their needs for specific fer- 
tility elements, owing either to their method of formation or to their 
management and cropping. A sandy soil is usually deficient in all 
the essential plant-food constituents—nitrogen, phosphoric acid, and 
potash—while a clayey soil usually contains the mineral elements in 
abundance, particularly potash. On the other hand, a soil very rich 
in vegetable matter is frequently deficient in mineral matter, while 
a limestone soil is likely to contain considerable proportions of phos- 
phoric acid. These are the indications in a general way, and they 
explain why it is that different kinds of soil that have not been 
cropped differ as to their need of the different fertilizing constituents. 

Differences in farm management.—Methods of management and 
cropping also exert an influence; for example, soils of equal natural 
fertility may not respond equally to uniform methods of fertiliza- 
tion, because in the one case a single crop, requiring for its growth 
proportionately more of one of the essential elements than of another, 
is grown year after year, and it may be that the element required is 
the one that exists in the soil in least quantity. On the other hand, 
crops may be grown that demand but minimum amounts of the 
element in question; hence its application to the soil for the one 


a4 See U.S. Dept. Agr., Farmers’ Buls. 192 and 245. 
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crop may be followed by largely increased returns, while for the 
other but little if any increase in crop is apparent. 

In the matter of management, too, a considerable variation may 
be observed. One soil may lose a large portion of its essential con- 
stituents, because no pains are taken to retain for the use of the 
crop the plant food annually rendered available through the natural 
agencies of sun, air, and water; while in another, by means of careful 
cultivation and the use of absorbents and catch crops, the constitu- 
ents made available are largely retained. 

Differences in power of crops to acquire food.—The legumes—a class 
of plants which includes the various clovers, peas, beans, vetches, 
etc.—differ from other plants in being able, under proper conditions, 
to acquire their nitrogen from the air through the aid of organisms 
working in their root tubercles“ and can, therefore, make perfect 
growth without depending upon soil nitrogen. On the other hand, 
the various grasses and grains are not only dependent upon soil nitro- 
gen, but they must have an abundance during their period of most 
rapid growth in order to attain their maximum development. For 
the latter class of plants favorable results are secured from the proper 
use of nitrogenous manures, while for the former class the applica- 
tion of nitrogenous manures simply results in supplying an element 
which could have been secured quite as well by the plant itself 
without expense. Illustrations could be multiplied, though they 
be less striking than this. showing that the variations in crops in 
respect to their power of acquiring food are really very great, and a 
right knowledge of this fact has a most important bearing upon 
the economical use of commercial manures. 

Importance of knowing needs of soils and crops.—The variations in 
the needs of soils and crops make it desirable that every farmer 
should know his own particular requirements. Such information 
may be secured more easily than is commonly supposed by growing 
the same crop and under the same conditions with different fertilizers. 
The knowledge thus obtained could be made quite valuable for any 
given locality, and may serve an important purpose in indicating 
the most economical use of fertilizer materials. While such tests 
are not so difficult or expensive as is often supposed, it is recom- 
mended that before the farmer undertakes them for the first time 
he seek the advice of some one familiar with the details of such work, 
or, better still, apply to the experiment station of his State. 


FERTILIZING MATERIALS. 


Form of fertilizing constituents—The term “ form,” as applied to 


a fertilizing constituent, has reference to its combination or associa- 


4 See U.S. Dept. Agr., Farmers’ Bul. 240. 


44 





tion with other constituents, which may be useful, though not neces- 
sarily so. The form of the constituent, too, has an important bearing 
upon its availability, and hence upon its usefulness as plant food. 
Many materials containing the essential elements are practically 
worthless as sources of plant food, because the form is not right; 
the plants are unable to make use of them—they are “ unavailable.” 
In many cases the form of these materials is changed by proper 
treatment and they become valuable, not because the element itself is 
changed, but because it then exists in such form as readily to feed 


the plant. 
NITROGEN. 


Nitrogen is the most expensive of the three essential fertilizer ele- 
ments. It exists in fertilizers in three distinct forms, viz, as organic 
matter, as ammonia, and as nitrate. 


Organic Nitrogen. 


Organic nitrogen exists in combination with other elements, either 
as vegetable or animal matter. In fact, all plants and animals con- 
tain nitrogen in this form, and the relative value of the various sub- 
stances as sources of nitrogen depends upon their content of it and 
upon the character of the substances and their treatment. All ma- 


terials containing organic nitrogen are valuable in proportion to their 
rapidity of decay or change, because decay and change of form must 
take place before the nitrogen can serve as food. In some cases the 
decay is longer delayed than in others. The material may be hard 
and dense, or it may have been treated for the express purpose of pre- 
venting decay, or it may be associated with other substances that 
resist the agents which effect decay. Thus organic nitrogen differs in 
availability not only according to the kind of material which sup- 
plies it, but according to the treatment it receives. 

The most abundant supplies of nitrogen occur in organic forms. 
The most valuable sources of organic nitrogen, from the standpoints 
of uniformity in composition, richness in the constituent, and avail- 
ability. are dried blood, dried meat (or azotine), and concentrated 
tankage, which are produced in large quantities in slaughterhouses 
and rendering establishments; dried fish, refuse from fish-oil and fish- 
vanning establishments, and cotton-seed meal, the residue of the 
cotton seed after the oil has been extracted. These vary somewhat in 
composition, but within comparatively narrow limits. (See table, 
p. 37.) They are all rich in nitrogen, and they decay rapidly when 
the conditions are favorable; and they are, therefore, very useful in 
cases where rapid and continuous feeding of the plant with nitrogen 
is desirable. Their gradual change makes them particularly valu- 
able in light, open soils, from which the nitrate or ammonia nitrogen 
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tends to disappear too quickly. Moreover, the chemical substances 

produced in the decay of the nitrogenous organic matter help to dis- 

* solve some of the mineral ingredients of the soil and incresse thereby 
the amount of available phosphoric acid, potash, and lime. 

These products, while valued principally as sources of nitrogen, 
also furnish more or less phosphoric acid, the dried blood and meat 
showing the least and the’ fish the greatest amount. Other nitrog- 
enous materials which are less desirable are leather meal, wool waste, 
felt waste, and similar products. These contain, as a rule, a high pro- 
portion of nitrogen, but they are so very slow to decay that it is 
doubtful whether their use in their original form is advisable when 
forms of known value are available at reasonable prices. Where the 
object is gradually to increase the fertility of the soil rather than to 
secure immediate returns, they may become useful. Farmers fre- 
quently have access to local supplies at a slight cost, the chief ex- 

pense being the labor of carting and distributing, in which case they 
are worth considering. 


















Nitrogen as Ammonia. 









Nitrogen as ammonia exists in commercial manure products in the 
form of sulphate of ammonia, chlorid of ammonia, etc., and is more 
readily available than the nitrogen in organic forms. It is one of 
the first products that result from the decay of organic substances. 

Ammonia nitrogen is derived, almost exclusively, from sulphate of 
ammonia, one of the most concentrated materials which furnish 
nitrogen for fertilizer purposes, the commercial products containing, 
on the average, 20 per cent of nitrogen. This form of nitrogen is 
readily converted in the soil into nitrate, and is therefore a valuable 
source of highly available nitrogen. Until it is changed into nitrate, 
the ammonia nitrogen has the power of combining with certain 
organic and mineral substances in the soil, and in this condition can 
resist the leaching action of rain. For this reason it serves as a more 
economical source of nitrogen in periods of excessive rainfall, and 
particularly in open soils, than does nitrate, which may be quite 

¢ easily washed out from the soil. The use of large quantities of sul- 
phate of ammonia leads in time to a very marked increase of soil 
acidity, for the ammonia is taken up by the crops in larger proportion 
than is the sulphuric acid with which it is combined. The latter 
accumulates in the soil and may seriously diminish the yields unless 
care is taken to neutralize the acid by generous applications of lime. 






















Nitrogen as Nitrate. 





Nitrogen as nitrate exists in commercial products as nitrate of soda, 
nitrate of potash, etc. These, like the ammonia compounds, are 
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extremely soluble, and the nitrogen contained in them is readily 
available as food for plants. The nitrogen in this form is directly 
and immediately available, no further changes being necessary. 

Chief source.—The chief source of nitrate nitrogen is nitrate of 
soda. This salt is rich in nitrogen. containing on the average 
15.5 per cent of it, and is quite uniform in composition. It is com- 
pletely soluble in water, diffuses readily throughout the soil, and 
differs from the ammonia compounds in forming no insoluble com- 
pounds with soil constituents. It is. therefore, liable to be partly 
washed out of the soil if applied in too large quantities or when there 
is an absence of vegetation. Plants that derive their nitrogen from 
the soil secure it chiefly in the form of a nitrate: hence nitrate of 
soda is one of the most directly useful of the nitrogenous materials. 

As already explained, nitrogen in organic forms is changed into 
ammonia by the decay or rotting of the substance. Ammonia, while 
it may nourish plants directly, is usually changed into a nitrate, 
in which form it is taken up by the plant. An application of nitro- 
gen as nitrates may be completely used up by the plant in a very short 
time; as ammonia or organic matter it may be partially or wholly 
used in the course of a season, according as the conditions are favor- 
able or unfavorable for the changes which they must undergo. 


Comparisons of Organic, Ammonia, and Nitrate Nitrogen. 


Losses of nitrogen.—It is clear, in view of the foregoing, that organic, 
ammonia, and nitrate nitrogen have a very unequal value as sources 
of nitrogen to plants. Even the nitrate nitrogen, the most valuable 
of the three, is not wholly utilized by the crop. The conditions are 
seldom, if ever, realized when 100 per cent. of the nitrate nitrogen 
applied reappear in the harvest, for a smaller or larger proportion 
of it escapes beyond the reach of the plant roots. In seasons of 
excessive rainfall, the proportion of nitrate nitrogen that thus escapes 
into the subsoil may be very large—50 per cent or more of the totai 


quantity applied. Still another source of loss to which the nitrate 


nitrogen is exposed is known as denitrification ; that is, the destruction 
of the nitrate by certain bacteria, with the setting free of the nitro- 
gen as a gas which escapes into the atmosphere, and is, therefore, 
lost to the crop. It has been demonstrated that the danger of loss 
from this source is very small under ordinary conditions of farming. 
Where, however, very large quantities of horse manure are applied, 
together with the nitrate, as happens occasionally in market garden- 
ing, this danger is quite real, and sometimes serious, for not only is 
there a destruction, under such conditions, of all of the nitrate 
applied, but also of the nitrate in the soil formed there by the nitri- 
fication of organic nitrogen. 
44 
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Where ammonia nitrogen is applied, the proportion recovered in 
the crop is smaller than that recovered from nitrate. This is ac- 
counted for by the fact that the ammonia is nitrified in the soil—that 
is, changed into nitrate. This change from the ammonia to the 
nitrate form involves unavoidable losses of nitrogen, part of which 
may escape in gaseous form; hence the ammonia nitrogen is said to 
be less available than the nitrate nitrogen. The nitrogen in the 
organic combinations is subject to even greater losses. It must go 
through several processes of change, in the course of decay, before it 
reaches the ammonia form, and each of these may be accompanied 
by greater or smaller losses of nitrogen. 

Comparison of availabilities—It is customary to measure the value 
of the different forms of nitrogen by their availability—that is, by 
the proportion of nitrogen which they may be expected to yield to 
the crops within a reasonable length of time—for not only are there 
marked differences in the availability of nitrate, ammonia, and or- 
ganic nitrogen, but also in the availability of the nitrogen of the 
different organic substances, as already indicated. An enormous 
amount of work has been devoted to the comparison of the availa- 
bilities of the nitrogen of the different substances under different 
conditions and with different crops, and tables have been prepared 
showing the relations thus observed. The comparative availabilities 
are established in these tables by taking the yield from the nitrate 
nitrogen at 100, and using this as a standard for measuring the 
vields from the other substances. It will be seen, therefore, that the 
actual availabilities are smaller than the comparative availabilities, 
since the return from the nitrate nitrogen never actually reaches 100 
per cent. Furthermore, while practically all of the effect from the 
application of nitrate or ammonia nitrogen is obtained in the first 
season, the effect from manure nitrogen or other forms of organic 
nitrogen is often considerable in the second or even the third season— 
a fact which must not be overlooked in the study of availabilities. 
Basing his calculations on hundreds of such studies with a number 
of different crops, Wagner has prepared a table showing the com- 
parative availability of the nitrogen of the various substances under 
average conditions. The values given by him are far from fixed, 
since changed conditions of soil, climate, ete., may modify them to a 
considerable extent. Nevertheless, they are a fair approximation 
to the actual] relations as they exist in most soils. 


The average availability of different nitrogenous substances. 


PUP OEe OF BORK ste mace Scat os neh pawescteonemsaeaeeeae 100 
Cie OF AUR i trae Ai ge es Se ee is ie ia coon etch Sega eee 
Dried blood, horn meal, rape cake, and green plant substance_____________~_ 65 
Bone mesh, sreune fall, Sggne... 230. 35h eee 53 
Wool waste and stable nianure-........—. 2... ee eee 25 
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PHOSPHORIC ACID. 
Sources and Forms. 


Phosphoric acid is derived from materials called phosphates, in 
which it may exist in combination with lime, iron, or alumina as 
phosphate of lime, iron, or alumnia. Phosphate of lime, however, is 
the form most largely used as a source of phosphoric acid. Phos- 
phoric acid occurs in fertilizers in three forms: (1) That soluble in 
water, and readily taken up by plants; (2) that shghtly soluble in 
water, but still readily used by plants, also known as “ reverted; ” 
and (3) that very sparingly soluble in water, and consequently very 
slowly used by the plant. 

To these should be added a fourth form, which occurs in the so- 
called Thomas slag or “ odorless phosphate.” It is practically insolu- 
ble in water, but dissolves in the presence of certain salts or of plant 
acids, and, therefore, becomes useful as a ready source of phosphoric 
acid when applied to the soil. This and the soluble and reverted are 
designated as “available” phosphoric acid. The very sparingly 
soluble phosphoric acid, while not directly available to plants, is 
readily affected by certain chemical changes in the soil. The gases 
and organic acids produced in the decay of vegetable substances 
greatly increase its solubility and cause it to serve as a source of 
available plant food. Where it is intimately associated with organic 
substances in animal bone, the rate of its transformation into avail- 
able forms is hastened to a considerable extent. By treatment with 
strong mineral acids it is converted into soluble forms, and the re- 
sulting products are designated as acid phosphates, or superphos- 
phates. 

“Organic ’”’ Phcsphates. 


Various forms of bone.—Bone, in its various forms, is the only one 
of the so-called insoluble phosphates that is now largely used directly 
upon the soil, or without other change than is accomplished by 
mechanical action or grinding. The terms used to indicate the char- 
acter of the bone have reference rather to its mechanical form than to 
the relative availabilitv of the phosphoric acid contained in it. The 
terms “ raw bone,” “ fine bone,” “ boiled and steamed bone,” ete., are 
used to indicate methods of preparation, and, inasmuch as bone is a 
material which is useful largely in proportion to its rate of decay, its 
fineness of division has an important bearing upon availability. This 
is quite evident, since the finer the bone the greater the surface ex- 
posed to the action of those forces which cause decay or solution, and 
hence the greater the rate of availability of its constituents. In the 
process of boiling or steaming, the bone is not only made finer, but its 
physical character is changed in other respects. The particles, 
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whether fine or coarse, are made soft and crumbly rather than dense 
or hard; hence it is more likely to act quickly than if the same degree 
of fineness were obtained by simply grinding. The phosphoric acid 
in fine steamed bone may all become available in one or two years, 
while the coarser, fatty, raw bone sometimes resists complete decay 
for three or four years or even longer. Bone contains, besides, con- 
siderable amounts of nitrogen—a fact which should be remembered 
in its use, particularly where it is compared with other phosphatic 
materials which do not contain this element. 

Pure raw bone contains on an average 22 per cent of phosphoric 
acid and 4 per cent of nitrogen. By steaming or boiling, a portion 
of the organic substance containing nitrogen is extracted, which 
has the effect of increasing the proportionate amount of phosphoric 
acid in the product. Commercial samples of steamed bone contain 
20 to 25 per cent of phosphoric acid and 2 to 4 per cent of nitrogen, 
but may contain as much as 28 per cent of the former and as little 
as 1 per cent of the latter. 

Other phosphates derived from bone—such as boneblack, bone 
ash, ete.—are but little used directly as sources of phosphoric acid; 
for, while they are derived from organic sources, the treatment 
which they have received, besides depriving them of their nitrogen, 
causes them to be a much less valuable source of phosphoric acid 
than the various forms of bone already discussed. In both cases the 
organic substances which are more subject to decay have been re- 
moved—in the case of boneblack by heating the bone in air-tight 
vessels, and in bone ash by burning in the open air. 

Tankage.—The term “ tankage ” is applied to the dried and ground 
animal wastes from the large abattoirs and packing establishments. 
The material is thus designated because it is the residual product 
after the waste portions of the carcass are steamed under pressure 
in large tanks for the extraction of the fatty substances. The 
mode of its preparation necessarily involves wide variations in 
composition, both as to the content of nitrogen and of phosphoric 
acid. The tankage made from hogs is usually richer in phosphoric 
acid and poorer in nitrogen than the tankage made from neat 
cattle. The more strictly nitrogenous grades of tankage are classified 
as “crushed” tankage and “concentrated” tankage, the former 
in its different grades containing from 4 to 9 per cent of nitrogen 
and from 3 to 12 per cent of phosphoric acid. The latter is a high- 
grade product, and is derived from the evaporation of the tank 
water containing the nitrogenous substances extracted from the 
animal tissues. It contains as much as 10 to 13 per cent of nitrogen 
and yery little phosphoric acid. The bone tankages, more akin 
to bone in their composition, are richer in phosphoric acid and 
poorer in nitrogen than those mentioned above. Those sold in the 


23009—No. 44—06 m——3 









18 


market are classified into five grades, containing, respectively, 18 to 
19, 16, 13.5, 9, and 7 per cent of phosphoric acid. The content of 
nitrogen increases as the content of phosphoric acid decreases. In 
general, it may be said that the agricultural value of the tankage 
depends, apart from its composition, also on its mechanical condition. 


Mineral Phosphates. 


Sources.—The mineral phosphates differ from what may be termed 
“ organic phosphates,” in that they contain no organic or animal mat- 
ter, and that they are more compact and dense in their nature. The 
chief sources of these phosphates in the United States are the river 
and land phosphates of South Carolina, the “ soft,” “ pebble,” and 
“rock ” or “ bowlder ” phosphates of Florida, the phosphate from the 
mines of Tennessee, and phosphatic slag,* a waste product from the 
manufacture of steel from phosphatic iron ores. With the exception 
of the last, which is not an abundant product in this country, these 
phosphates are not yet used to any considerable extent, even when 
very finely ground,’ without previous treatment with acid. They are, 
however, the chief raw materials from which superphosphates are 
made. 

Superphosphates.—Superphosphates, or soluble phosphates, are de- 
rived from the insoluble materials already described by first grind- 
ing to a powder and then mixing with sulphuric acid, whereby the 
phosphoric acid is changed from the insoluble to the soluble form. 
The soluble phosphoric acid thus obtained is a definite chemical 
compound, and identical in composition irrespective of the material 
from which it was derived. The term superphosphate is, therefore, 
applied to any material containing soluble phosphoric acid as its 
chief constituent. In superphosphates there is nearly always pres- 
ent, however, in addition to the soluble, the reverted form, which is 
probably quite as useful as the soluble form. The superphosphates 
made from boneblack and bone ash differ from the mineral super- 
phosphates mainly in showing a higher content of “ available ” phos- 
phoric acid, an average of 16 per cent, which is practically all solu- 
ble. Mineral superphosphates contain on the average 14 per cent of 
available, which may include from 1 to 3 per cent of reverted, be- 
sides more or less of the insoluble. Superphosphates made from 
animal bone differ from those made from the other materials men- 
tioned, in containing nitrogen in addition to phosphoric acid. They 
are, however, sometimes called “ ammoniated superphosphates,” or 
“ dissolved ammoniated bone.” 


@ Also known as “ Thomas phosphate powder,” “ Thomas slag,” and “ odorless 


phosphate.” 
+ Finely ground mineral phosphate, known as “ floats,” has been used to a 


limited extent in some localities. 
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The so-called “ double superphosphates ” are a highly concentrated 
phosphatic material, containing as much as 40 per cent of phosphoric 
acid, almost all of it soluble. They are prepared by dissolving phos- 
phate rock or bone in sulphuric acid, which contains a large propor- 
tion of free phosphoric acid. Because of their concentration and 
comparative freedom from impurities, they are especially valuable 
under certain conditions. On the whole, the superphosphates pre- 
pared from boneblack and bone ash are more uniform in composi- 
tion than those prepared from rock phosphates; on the other hand, 
those prepared from animal bone show even greater variations than 
the mineral superphosphates, chiefly because of the very variable 
composition of the raw materials and of the greater difficulty in dis- 
solving them properly. 

Principles governing use.—The use of phosphoric acid should be 
governed not alone by its origin, but also by conditions of soil, crop, 
and climate. It is well known that the soluble phosphoric acid when 
applied to the soil readily unites with certain compounds of lime, iron, 
or alumina, or that it may enter in combination also with certain 
organic substances; the phosphoric acid is then said to be “ fixed ”— 
that is, it passes from the water-soluble to the “ reverted ” or to the 
“insoluble” form. This property of the soluble phosphoric acid to 
become “ fixed ” in the soil, and largely within the surface portion, 
is of direct importance to the farmer, for any excess of soluble 
phosphoric acid is thereby prevented from escaping. The phosphoric 
acid differs in this respect from the most valuable nitrogen com- 
pounds in the soil (the nitrates), since only traces of it are found in 
the drainage water, whereas the nitrates are not held back, but are 
carried off in large amounts in the drains. In soils well provided 
with lime the soluble phosphoric acid is “ fixed” largely as “ re- 
verted ” lime phosphate, while in soils deficient in lime the soluble 
phosphoric acid becomes “ fixed” by uniting with compounds of 
iron and alumina. From the practical standpoint this difference in 
the method of fixation is quite important, since the reverted lime 
phosphate may become available quite readily through the agencies 
of decay, while the phosphates of iron and alumina become avail- 
able much less readily. It has been shown that soils to which super- 
phosphates are applied year after year retain all but a small pro- 
portion of the phosphoric acid within the upper 9 inches of soil, and 
that of the phosphoric acid thus retained a third or more may be 
present in the reverted form. Light, sandy soils, poor in humus, do 
not as readily retain the soluble phosphoric acid; and, where they 
are very open and porous, the application of large quantities of 
superphosphate may involve losses of phosphoric acid. Their reten- 
tive power may be increased by liming, marling, or green manuring, 
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as well as by the application of animal manures. Because of their 
open character, they frequently give better returns from Thomas 
phosphate or bone meal. On the other hand, the application of 
superphosphates is found to yield good returns on heavier fine- 
grained soils, or on the lighter sandy and sandy loam soils in a good 
state of cultivation. 

The insoluble phosphates may be made more quickly available by 
increasing the proportion of organic matter in the soil. It has been 
found that satisfactory returns may sometimes be secured from the 
application of ground phosphate rock, where the soil humus is under- 
going rapid decay. Under conditions like these the purchase of large 
quantities of finely ground rock may prove a good investment in the 
maintenance of soil fertility. It should be remembered, nevertheless, 
that, in by far the greatest number of instances, a phosphate is only 
valuable in proportion to its content of soluble and reverted phos- 
phoric acid; and, where the raw rock yields remunerative returns, it 
is due largely, apart from other influences, to its fine state of division. 


POTASH. 


Forms.—Potash may exist in a number of forms, though chiefly as 
chlorids, or muriates, in which case the potash is combined with 
chlorin, and as sulphates in which the potash is combined with 
sulphuric acid. With potash, however, the form does not exert so 
great an influence upon availability as it does in the case of nitrogen 
and phosphoric acid. All forms used in the fertilizer industry are 
freely soluble in water, and are believed to be nearly if not quite 
equally available as food. The form of the potash has, however, an 
important influence upon the quality of certain crops, which is due to 
the constituents with which the potash is associated rather than to 
the potash itself. For example, it has been demonstrated that the 
quality of tobacco, potatoes, and certain other crops is unfavorably 
influenced by the use of muriate of potash, while the same crops show 
a superior quality where materials free from chlorids are used as the 
source of potash. 

Sources.—The chief sources of potash salts at the present time are 
the potash mines of north Germany, and the products of these mines, 
which are now readily obtainable in this country, are kainit, sylvinit, 
muriate of potash, high-grade sulphate of potash, and double sulphate 
of potash and magnesia, or double manure salts. The kainit and 
sylvinit are crude products of the mines, and contain, in addition to 
potash, a number of other salts, chiefly ordinary salt (sodium chlorid) 
and magnesium sulphate. The potash in kainit, though in the form 
of a sulphate, produces an effect quite similar to that derived from the 
use of muriate, because of the large quantities of chlorids mixed with 
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it. It contains on the average about 12} per cent of actual potash. 
Sylvinit differs from kainit in containing a slightly higher per cent 
of potash, which exists both in the form of a sulphate and of a 
chlorid, and a lower content of the magnesia and other salts. The 
other potash products mentioned are manufactured from the crude 
forms, and are much more concentrated. The muriate and sulphate 
contain on the average about 50 per cent of actual potash. The chief 
impurity in the case of the muriate is common salt. The double 
sulphate of potash and magnesia contains about 26 per cent of actual 
potash, though much lower grades of this material are found. 
Principles governing use.—Potash salts are used to best advantage 
on light, sandy soils, on humus soils, and also on calcareous soils. 
Clay soils and clay loams, on the other hand, respond much less 
frequently to applications of potassic fertilizers. On sandy soils the 
best results from the application of potash are secured only in the 
presence of sufficient lime. Without the latter, a considerable portion 
of the potash applied may be leached out from open, porous soils. 
On the other hand, heavy soils, or even the lighter soils, well pro- 
vided with lime, hold on tenaciously to the potash which they receive. 
The potash which is thus “ fixed ” in the soil is retained mostly near 
the surface, although a considerable portion of it may pass into the 
subsoil, to be retained there. In heavy clay soils but a slight propor- 
tion passes into the deeper layers, whereas in the lighter sandy or 
sandy loam soils the zone of fixation is much greater. As in the 
case of the phosphoric acid, the potash that is thus fixed is retained 
in a more soluble form than that derived from the weathering of rock 
fragments in the soil, and hence possesses a greater value, as a source 
of potash, to crops. On soils rich in organic matter, as, for instance, 
reclaimed marshes or swamps, the application of potash is, as a rule, 
quite profitable. It has been found, however, that on soils of this 
character the use of large quantities of kainit, or of other potash salts 
rich in chlorids, injuriously affects the crops. The defect can be 
remedied by the generous use of lime—a procedure not always desira- 
ble, because of the too rapid oxidation of the organic matter—or by 
the use of potash in the form of sulphate. Occasionally the applica- 
tion of potash gives increased crop returns also on heavy soils, which 
still contain large stores of potash, but in a form not readily available 
to the crops. Certain crops, like potatoes, beets, mangels, etc., are 
particularly grateful for an abundant supply of available potash. 
It is best, however, especially in the case of potatoes and sugar beets, 
to apply the potash salts in the preceding fall, or at least some weeks 
before planting, lest the quality of the crop be unfavorably affected— 
in the former by a diminished content of starch, in the latter by the 
decreased proportion of sugar. Generous dressings of potash salts 
have also given gratifying returns with such crops as lupines, used as 
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green manures for the improvement of light soils. Where potash 
salts rich in chlorids are applied frequently, or in large amounts, the 
depletion of lime from the soil is hastened on account of the formation 
of lime chlorid, which is an extremely soluble salt, and is readily 
removed in the drainage waters. The formation of large quantities 
of lime chlorid in the soil is also objectionable, because of its poison- 
ous action on growing plants, especially in acid soils. The poison- 
ous action of lime chlorid under such conditions may be counteracted 
by the application of lime. 


GRADE OF FERTILIZING MATERIALS. 


Materials that do not show a wide variation in composition, and 
in which the constituents are practically uniform in their action, may 
be regarded as standard in the sense that they can be depended 
upon to furnish practically the same amount and form of the con- 
stituents wherever secured. For example, a ton of nitrate of soda or 
boneblack superphosphate (dissolved boneblack) will on the aver- 
age furnish 320 pounds of nitrogen or of phosphoric acid, the nitro- 
gen all in the form of a nitrate and the phosphoric acid practically 
all soluble. Hence nitrate of soda, sulphate of ammonia, dried blood, 
and superphosphates and potash salts are standard products, because 
they can be depended upon, both in respect to the content and form 
of their constituents. 

On the other hand, the low-grade or nonstandard materials are 
not merely poorer in their total content of plant-food constituents, but 
also contain forms of the latter which are very variable in their 
availability. No exact value can be assigned, for instance, to ground 
bone, since this is a product quite variable in composition and in the 
availability of its nitrogen and phosphoric acid, owing to its origin, 
its mechanical condition, and the method of treatment to which it 
was subjected. Because of the differences thus introduced different 
samples of bone can not be expected to yield the same results, even 
though they be used under the same conditions of soil and climate. 
The same applies even more strongly to the various kinds of tank- 
age. We note here wide differences in the proportion of nitrogen 
and of phosphoric acid, and differences as great or greater in the 
availability of these constituents. They can not be expected, there- 
fore, to yield constant and uniform results under any given climatic 
conditions in the same degree characteristic of the standard high- 
grade products. 


AGRICULTURAL VERSUS COMMERCIAL VALUE OF FERTILIZERS. 
What determines agricultural value.——The agricultural value of any 


of the fertilizer constituents is measured by the value of the crop 
increase which its use may be expected to produce. Knowing the 
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average composition of, let us say wheat, we may easily calculate 
the agricultural value of any given quantity of plant food as tending 
to produce, under suitable conditions, a certain increase in the yield 
of grain. The agricultural value of plant food is not a fixed quan- 
tity. It is a variable factor, depending upon the availability of the 
constituent or constituents, as well as upon the value of the crop 
produced. The availability of any constituent is, in turn, dependent 
on its origin, its treatment, and on the conditions of soil and climate 
under which it is applied, while the value of the crop produced is 
affected by its character, by the distance from the point of consump- 
tion, and by the conditions of demand and supply. It is quite 
evident, for instance, that the agricultural value of a pound of 
soluble phosphoric acid is likely to be greater than ‘that of a pound 
of insoluble phosphoric acid, when applied under the same conditions 
_ of soil and crop, since in the one case the constituent is in its most 
available form, while in the other it is but slightly available. 
Furthermore, the soluble phosphoric acid in question may exert 
its full effect and lead to a large increase in the yield of certain 
crops without leading at the same time to increased profits. In 
other words, the increase produced by the application of the ferti- 
lizer may possess a value smaller than the cost of the latter. On 
the other hand the same fertilizer when used in connection with a 
crop possessing a greater market value may prove highly profitable, 
since the monetary return secured from the crop increase is much 
greater than the cost of the fertilizer. Hence it should be remem- 
bered that slowly available materials can not be expected to give 
profitable returns, particularly upon crops with a short growing 
season, and that expensive materials can not yield returns that are 
as remunerative with crops of relatively low value as they are with 
crops of relatively high value. 

Commercial values of fertilizers—The agricultural value should not 
be confused with what is termed “commercial value” or cost in 
market. The latter is determined by market and trade conditions, 
as the cost of the crude materials, the methods of their subsequent 
treatment, etc. Since there is no strict relation between agricultural 
and commercial value, it frequently happens that a constituent in 
its most available form, and possessing under suitable conditions 
a high agricultural value, costs less in the market than the same con- 
stituent in forms less available and possessing a slighter agricul- 
tural value. It is clear, therefore, that the commercial value, that 
is, the cost of any fertilizer constituent, need not necessarily bear a 
direct relation to its agricultural value, that is, the power of produc- 
ing a certain crop increase. 

The computation of the commercial value of complete fertilizers 
may be illustrated by the following example: 
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Method of computing values of complete fertilizers. 











Value of 
| Pounds Rieatiaiie — <? | constitu- 
Constituent. per hun-| S| ete |. eee per 
dred. | Per ton | constitu- ton of 7er- 
| | ent. | tilizer. 
Nitrogen: | Cents. 
I ik ie he a ea 1} 20 | 17.0 $3.40 
IRIE RIE 3 oo oe occdarenmcore cn nsndaosaeerans 1| 20 17.5 | 3.50 
NY 8 ee Ck, ot coo oaauuewwk nan, 1 | 20 18.5 | 3.70 
Phosphoric acid: 
NE es 202 Siks swe de daa na acasardess as tebe nwieen 8 160 | 4.5 7.20 
Ue ean Seca oc dct pin wdisiuene casecace nene 1 20 | 4.5 90 
Ea Re ae oe eee ne eee | 1} 20 | 2.0 40 
Potash: | | 
NN Dk os 5 0s Sowa bawasccurn ame saaauge opel coe dees | 5 | 100 | 4.25 | 25 
RENE Phe oe ee abesco. soc ee cet ss eee aaees 5 100 | 5.0 | 5.00 


MORE TIN Sooo cis we ccececcvee sas >crnncacphsusewsese ste skandecuteaes abana 28.35 


The first figure column shows the per cent (pounds per hundred) of 
the constituents contained in the fertilizer; the per cent multiplied by 
20 gives the pounds per ton in the second column; the figures in the 
latter, multiplied by the schedule prices per pound in the third col- 
umn, give the valuation per ton, as shown in the fourth column. 


VARIATIONS IN THE COMPOSITION OF MANUFACTURED 
FERTILIZERS. 


Nature and causes of variations—All manufactured products or 
brands of fertilizers are made up of a mixture of the various kinds 
and forms of the fertilizing materials just described, and the differ- 
ences that exist in the brands of different manufacturers are due both 
to differences in the character and to variations in the proportions of 
the materials used to form the different brands; that is, while all 
manufacturers must go to the sources of supply indicated, they may 
select either good or poor products and may vary the proportions of 
the different materials used. 

The difference between a good brand of fertilizer and a poor one 
lies not so much in differences that may exist in the total amount of 
plant food contained as in the quality of the materials of which the 
two are made. For instance, in one brand the nitrogen may have been 
derived entirely from insoluble organic materials and the phosphoric 
acid from untreated phosphates rather than superphosphates; while 
in another the nitrogen may have been derived from the three sources 
of nitrogen, viz, nitrates, ammonia salts, and organic matter, and the 
phosphoric acid entirely from superphosphates. The total plant food 
contained in the first brand may be quite as great as it is in the other, 
yet the immediate results obtained from its use would be less satis- 
factory than those obtained from the one containing the more active 
forms of fertilizing constituents. 
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A fertilizer containing foreign substances, of themselves worthless 
as a source of plant food, is not necessarily adulterated. It may con- 
tain the full quantity of the fertilizer ingredients guaranteed, and 
the foreign substance in question may act only as a filler. On the 
other hand, a fertilizer may contain one or more of the plant food 
constituents in forms so inert, and so difficultly available, as to make 
them practically worthless as a source of the constituents in question. 
This would apply, for instance, to peat, which in a finely ground 
state is known to have been used as a source of nitrogen in mixed 
fertilizers. Because of its resistance to the agencies of decay, it 
possesses scarcely any value as a source of nitrogen, and hence its use 
under such conditions could justly be designated as adulteration. 

What chemical analyses show.—The differences that exist between 
good and poor fertilizers are quite clearly shown by the chemical 
analyses made by the various experiment stations, provided the 
analysis is carried far enough to show both the amount and form of 
the nitrogen, phosphoric acid, and potash. For instance, an analysis 
which shows that a considerable proportion of the nitrogen exists as 
nitrates or as ammonia is positive evidence that good nitrogenous 
materials have been used: if it shows that the phosphoric acid is 
largely in a soluble form, the consumer knows that superphosphates 
have been used. On the other hand, if all the nitrogen is shown to be 
in the form of organic matter, and a large proportion of the phos- 
phoric acid is found to be insoluble, it is evident that materials con- 
taining less active forms of plant food were used in the preparation 
of that fertilizer. In the next place, it is the quality and amount 
of plant food contained in a fertilizer which determines its value, 
rather that the relative proportion of the various constituents, though 
under certain well-known conditions the latter is of very considerable 
importance. Special crop brands are particularly useful only when 
the soil is already in a good state of fertility and not deficient in any 
plant-food constituent. 


THE PURCHASE OF FERTILIZERS. 


As a rule, farmers are inclined to purchase fertilizers on the ton 
basis without sufficient regard to the amount or form of the con- 
stituents contained in them. The direct value of a fertilizer is deter- 
mined by the percentage of nitrogen, phosphoric acid, or potash 
which it contains; hence, the buying of a fertilizer is virtually the 
buying of one or more of these constituents. The more concentrated 
the material or the richer it is in plant food, the less will be the pro- 
portionate expense of handling the constituent desired. 

HIGH-GRADE AND LOW-GRADE MIXTURES. 


The following are illustrations of the methods by which brands 
may be made up, the differences that may exist in the content of 
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actual fertilizing constituents, and the causes of variation in ton 
prices: 
Formula No, 1. 
Pounds. Pounds. P.ct. 
Nitrate of soda 500, furnishing nitrogen 80,or 4 


Boneblack superphosphate 1,100, furnishing phosphoric acid_. 180,or 9 
Muriate of potash ______......_-- 400, furnishing potash __ __..... 200, or 10 


2,000, furnishing total plant food_- 460 


Formula No. 2. 


Pounds. Pounds. P.ct. 
Nitrate of soda 250, furnishing nitrogen 40, or 2 
Boneblack superphosphate 1,000, furnishing phosphoric acid -. 160, or 8 
Muriate of potash _- 80, furnishing potash 
Make-weight 


2,000, furnishing total plant food__. 240 


Formula No. 1 shows a high-grade product, both as to quality of 
plant food and concentration, while No. 2 is high grade only in 
quality. In the latter it is necessary to add what is called “ make- 
weight,” or a diluent, usually consisting of substances that are of 
no direct fertilizing value, in order to make up the weight to 1 ton. 

High-grade mixtures can not be made from low-grade materials. 
Low-grade mixtures can not be made from high-grade materials 
without adding “make-weight.” The advantages of high-grade 
products are concentration and high quality of plant food. 

It will be observed that formula No. 1 contains nearly twice as 
much plant food as No. 2; or, in other words, it will require the pur- 
chase of about 2 tons of a fertilizer made according to formula No. 2 
to secure the same total amount of plant food as is contained in 1 ton 
of No. 1. Now, the material in No. 2, other than the actual plant 
food, possesses no direct fertilizing value; but the actual cost of the 
constituents is considerably increased, because the expenses of han- 
dling, bagging, shipping, and selling are just double what they would 
be for No. 1. 

It has been shown by continued studies at the New Jersey Experi- 
ment Station that the charges of the manufacturers and dealers for 
mixing, bagging, shipping, and other expenses are, on the average. 
$7 per ton; also, that the average manufactured fertilizer contains 
about 300 pounds of actual fertilizing constituents per ton. A care- 
ful study of the fertilizer trade indicates that these conditions are 
also practically true for other States in which large quantities of 
commercial fertilizers are used. 


a¥irst Principles of Agriculture, E. B. Voorhees, p. 109. 
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Formula No. 1 would contain 460 pounds of actual available fer- 
tilizer constituents per ton—160 pounds, or over 50 per cent, more 
than is contained in the average manufactured brand; that is, a 
farmer purchasing a brand made up according to formula No. 1 
would secure in 2 tons as much plant food as would be contained in 
8 tons of the average manufactured brand. Assuming that the 
charges per pound of plant food and the expense charges are the same 
in each case, and also that the quality of plant food in the one is as 
good as in the other, the consumer would save $7 by purchasing 2 
tons of the former instead of 3 tons of the latter. 

Thus is shown the very great saving that may be effected in the 
purchase of fertilizers as viewed from the standpoint of coneentra- 
tion alone, or, in other words, the importance of a definite knowledge 
of what constitutes value in a fertilizer. This saving may be accom- 
plished, too, without any detriment to the manufacturer, since the dif- 
ference to him between making high-grade or low-grade goods, so 
far as concentration is concerned, is largely a matter of unskilled 
labor. The manufacturers are in the business to cater to the demands 
of the trade. If consumers are intelligent, high-grade rather than 
low-grade goods will be provided by the manufacturers. Further- 
more, as already indicated, high grade from the standpoint of concen- 
tration means high grade in quality, for high-grade mixtures can not 
be made from low-grade products. 


HOME-MIXED FERTILIZERS. 


In many cases, too, it is desirable to purchase the unmixed fertiliz- 
ing materials, either for use singly or for home mixing. Here, too, 
a great saving may be effected (1) in the cost per pound of the con- 
stituents, (2) in freight rates, and (3) in having the mixing per- 
formed by the ordinary labor of the farm at times when it does not 
interfere with regular outdoor work. The advantages to be derived 
from this method are, however, fully realized only when it is possi- 
ble to purchase fertilizers in large quantities and for cash. 

As an illustration of the saving that may be thus effected, it is 
but necessary to cite the experience of a farmers’ organization in New 
Jersey, which now purchases annually some 800 to 1,000 tons of 
unmixed goods at a cost per pound of the ingredients from 25 to 
40 per cent less than the average cost to those who buy the average 
mixture in small quantities “ on time ” from their local dealers. 

It has been shown, too, by the studies of many of the experiment 
stations of both the East and South that the materials can be evenly 
mixed on the farm; besides, samples carefully taken show as good a 
mechanical condition as those made by the leading manufacturers. 

This method of purchasing also possesses the further advantage 
of enabling the farmer to apply just the kind and form of ingredient 
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that he has found by experience or experiment to be best adapted to 
lis soil and crop. Besides, he knows positively, particularly in case 
of the element nitrogen, whether it is in the form of nitrate, ammonia, 
or organic matter, and whether the organic nitrogen is contained in 
substances that are likely to decay quickly, as blood, cotton-seed meal, 
etc., or in such insoluble and slowly acting substances as ground 
leather, horn, etc. In mixtures the kind of organic nitrogenous sub- 
stances used can not be definitely shown by a chemical analysis. 


CONDITIONS UNDER WHICH FERTILIZERS MAY BE PROFITABLY 
USED. 


With a more or less complete knowledge of the need of artificial 
supplies of fertilizer, the character, composition, and usefulness of 
the various materials, and the best method of purchase, the practical 
question arises, viz: Will it pay to use them ? 


PRINCIPLES GOVERNING PROFITABLE USE. 


Many of our most successful farmers are, by their practice, answer- 
ing this question in the affirmative. It is, however, not entirely a 
question of plant food with them, and one phase of it may be illus- 
trated by the following typical case: Mr. A applies fertilizer; his 
crop is largely increased, and a reasonable profit is secured. Mr. B 
applies the same amount and kind under similar conditions of soil, 
and receives no benefit. The difference in results is due, not to the 
fertilizer, but to the farmer himself. In one case the natural agencies 
(sun, air, and water) were assisted and enabled to do their maxi- 
mum work, because care was taken to make the conditions other than 
the supply of plant food as perfect as possible, while in the other 
they were prevented from exercising their full influence, because 
physical conditions of soil were imperfect, on account of careless 
plowing, seeding, cultivation, and cropping. 

The production of a large crop—that is, the transformation of 
large amounts of plant food into plant substance—presupposes not 
only an abundance of all of the ingredients, but the absence of un- 
favorable influences, such as excessive moisture, low temperature, 
improper aeration, acidity, ete. 

In other words, the profit from the use of fertilizers is measured 
to a large degree by the perfection of soil conditions which are 
entirely within the power of the farmer to control. The production 
possible from a definite amount of plant food can be secured only 
when the conditions are such as to permit its proper solution, dis- 
tribution, and retention in the soil. 

It has been demonstrated that it is entirely practicable and profit- 
able under certain conditions to use as much as 1,000 to 1,200 pounds 
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of high-grade commercial fertilizers for top dressing grass lands. 
The successful practice in this case is, among other things, dependent 
upon the absence of too great a degree of acidity in the soil and the 
presence of a good stand of timothy and redtop; in other words, 
of a sufficient number of vigorous plants to utilize to the best advan- 
tage the food offered to them. It has also been demonstrated that the 
best returns from the use of fertilizers may be secured when proper 
attention is paid not only to the varying needs of the different 
crops but also to the varying needs of the different soils. Appli- 
cations of fertilizer ingredients suitable both in amount and _ pro- 
portion for one soil may be ill advised and wasteful on another soil. 
It is therefore necessary in the rational use of fertilizers to study 
the needs of the crop as well as of the soil. On certain soils and under 
certain conditions of crop rotation it may be advisable to provide 
for a better circulation of soil fertility by the use of the more slowly 
available, and therefore cheaper, forms of nitrogen and of phosphoric 
acid. Thus, there may be conditions, as already indicated, where 
finely ground phosphate rock, when used on soils well supplied with 
rapidly decomposing organic matter, may serve as a more economical 
source of phosphorus than superphosphate. 

The fact that fertilizers may now be easily secured and are 
easily applied has encouraged careless use rather than a thoughtful 
expenditure of perhaps an equivalent amount of money or energy 
in the proper preparation of the soil for them. Of course it does 
not follow that no returns are secured from plant food applied under 
unfavorable conditions, but it needs to be emphasized that full re- 
turns can not be obtained under such circumstances, either with or 
without fertilizers. 

It should be the aim in the use of commercial fertilizers to supple- 
ment the plant food derived from the soil itself in such a manner as 
to make possible the most profitable returns. The farmer should be 
in a position to decide whether the increase produced by the applica- 
tion of any given fertilizer is sufficient to pay for the extra expendi- 
ture of labor and money. He will be in a better condition to decide 
correctly by remembering that the relation of the cost of the fertilizer 
to the value of the increased crop is a variable factor, depending, aside 
from the climatic conditions, upon the availability of the constituents, 
the character and composition of the crop, and upon the market 
value of the latter. It may happen, for instance, that the liberal 
application of certain nitrogenous materials to crops of a low market 
value may result in a maximum yield of plant substance, and yet 
fail to return a profit simply because the cost of the nitrogen applied 
is so great as to exceed the value of the increase secured by its appli- 
cation. On the other hand, a similar application of the same material 
to a crop possessing a high commercial value may, without being 
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as thoroughly utilized or without producing an increase proportion- 
ately as large, lead to much greater profits, mainly because the cost 
of the nitrogen, however considerable, is relatively small when 
compared with the money value of the crop increase secured from 
its use. 

RESULTS WITH CERTAIN CROPS. 


It has been shown by certain experiments with nitrate of soda on 
a number of different crops that, whereas the grain and forage crops, 
utilizing the nitrate as completely as did the market-garden crops 
in the same experiment, showed an increase not exceeding in any 
case a value of $14 per acre, that is, a money return at the rate of 
$8.50 per 100 pounds of nitrate used, the market-garden crops 
yielded an increase whose value amounted in the case of one crop to 
as much as $263 per acre, which was equivalent to a return of ap- 
proximately $66 per 100 pounds. The striking difference in the 
returns may easily be accounted for by the fact that in the one 
instance the nitrate nitrogen was built into a bulky crop, consuming 
large quantities of plant food, and possessing a low market value— 
dry hay, bringing, say, $12 per ton, and two,tons per acre being con- 
sidered a good vield—while in the other it was built into a material 
possessing a high market value—succulent vegetables, bringing as 
much as hay per ton and the vield being five to ten times as great. It 
is evident, therefore, that these relations of the cost of fertilizer and 
of the value of the crop returns are exceedingly important, and 
deserve careful consideration in the purchase of plant-food con- 
stituents. It is for this reason that it is so difficult to secure a reason- 
xble profit from the unsystematic use of fertilizers upon such staple 
products as wheat, corn, oats, cotton, and tobaceo—crops quite ex- 
haustive in their manurial requirements and possessing a relatively 
low value. 

On the other hand, the growth of such crops as potatoes, tomatoes, 
sweet potatoes, forage crops for the dairy, and vegetable crops for 
the market or cannery by the use of high-priced plant food is more 
often attended with profit, because they are usually crops of high 
market value and are proportionately less exhaustive. 

In the case of such market-garden crops as tomatoes, cabbage, tur- 
nips, beets, and others, earliness and quality are important consid- 
erations. To be highly remunerative they must be harvested early; 
in other words, they must be forced—that is, their growth hastened 
at a time of the vear when the decomposition processes in the soil are 
proceeding but slowly; hence the value of such substances as nitrate 
of soda. The edible quality of these products is likewise dependent in 
great measure upon uniform and rapid growth, and for this reason 
a supply of plant food in reasonable excess of ordinary demands is 
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essential in order to counteract, so far as possible, the unfavorable 
conditions of season. This should not be construed to mean, how- 
ever, that the crops of lower commercial value should be abandoned, 
but rather that our systems of practice shall be changed so as to in- 
clude in the rotation some high-priced crop, to which shall be applied 
such an abundance of plant food as to insure a yield, limited only 
by the season and climate, which will under average conditions of soil 
and season return a profit besides leaving a residue of plant food for 
the cereals, grasses, or catch crops that follow. These, being capable 
of extracting their mineral food from relatively insoluble sources, 
will yield a large increase of crop without a direct outlay for ferti- 
lizers. Farming will thus be more successful, because profitable crops 
are secured, while fertility is at the same time increased. 


KIND OF FERTILIZER TO USE. 


The kind of fertilizer to be used should be determined (1) by its 
composition—that is, whether it shall be nitrogenous, phosphatic, or 
potassic in its character, and not by the name of the brand or of the 
manufacturer; and (2) by the form in which the fertilizer con- 
stituents exist in it—that is, by the extent of their availability. A 
proper understanding of these points requires that we shall consider 
briefly the various classes of farm crops, and their power of acquiring 
food. 

In deciding upon the kind of manure to use, the character of the 
soil must, of course, be taken into account. Crops grown on soils 
poor in decaying vegetable matter (humus) are, as a rule, benefited 
by applications of nitrogenous manures, while those grown upon soils 
well supplied with this substance are more benefited by phosphates 
and potash. Upon heavy soils phosphates are likely to be more 
beneficial than nitrogen, while the reverse is the case of light dry soil. 
All sandy soils are, as a rule, deficient in potash, while clayey soils 
contain this element in larger quantities. (See p. 10.) 

In this discussion the barest outlines have been drawn. There are 
many exceptions to the general rules. The farmer, with the general 
principles well in mind, must use his intelligence in applying them to 
his conditions. 

The cereals and grasses——The cereals (Indian corn excepted, see 
p. 84) and grasses are quite similar in their habits of growth, and 
may be regarded as a class distinguished by extensive root systems 
and long periods of growth, which enable them to extract the mineral 
food necessary from relatively insoluble sources, and because of their 
very rapid development of leaf and stem during a short season just 
before maturity are unable to make normal growth during this period 
without an abundance of nitrogen in immediately available forms. 
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This period usually precedes the time of rapid nitrification, hence 
on soils of good natural fertility the application of nitrogen at the 
right time and in the form of a nitrate results in a largely increased 
crop. The fact here stated has led certain eminent scientists to 
regard nitrogen as a dominant or ruling element for this class of 
plants, a conclusion which is in the main correct where the limitations 
are properly understood. 

The leguminous crops.—Clover, peas, beans, vetches, etc., belonging 
to the class of plants known as legumes, should also be regarded as a 
distinct class. They possess powers of acquiring food which, so far 
as we know now, are not common to any other class of cultivated 
plants. They do not depend altogether upon soil sources for their 
nitrogen, but draw this element partly from the air, and they make 
almost ravenous use of the mineral constituents, particularly potash 
and lime. A knowledge of these facts is not only useful in indicating 
the kind of manures to be used upon them, viz, an abundance of the 
mineral constituents only, but suggests that the growth of these crops 
must result in the enrichment of soils in the expensive element, 
nitrogen, so essential for crops whose exclusive source of supply is the 
soil. 

Root and tuber crops.—These may also be regarded as a class which, 
because of their habits of growth, are as a rule unable to make ready 
use of the insoluble mineral constituents of the soil, and hence for full 
development require an abundance of all the fertilizing constituents 
in readily available forms. Of the three classes of fertilizing constit- 
uents, the nitrogen is especially useful for the slow-growing beets 
and mangels; phosphates are required in abundance for the turnip; 
and potatoes, both white and sweet, respond favorably to liberal 
dressings of potash. Thus, while the fertilizers should contain all 
three elements, certain of the crops, because of their peculiarities of 
growth, require certain of them in greater relative amounts and in 
immediately available forms. 

The object of the growth, too, whether for the immature produce 
or for the fully developed plant, is a matter worthy of careful con- 
sideration. In other words, shall the fertilizing be of such a character 
as to stimulate and force an unnatural] and artificial growth, or such 
as assists in the natural development of the plant? That the specific 
function of nitrogenous manures is to encourage and even force leaf 
development is a fact not disputed by the highest authority; hence 
their use in stimulating unusual growth is of the greatest importance 
in growing market-garden crops, in order that the tenderness and 
succulence, which is the measure of quality in most of those products, 
may be secured. 


2U. S. Dept. Agr., Farmers’ Buls. 58, 240, and 245. 









a: ee 


Sy ee ae 








33 










Orchard trees.—Fruit trees are slow-growing plants, and therefore 
do not need quick-acting fertilizers as a rule. They appropriate plant 
food very slowly, and highly soluble manures, such as nitrate of soda, 
are liable to be washed out of the soil without being utilized. For 
this reason the use of nitrate of soda is not advised, except where the 
growth of nursery stock is to be forced or where bearing trees exhibit 
a lack of luxuriance in foliage. The old and still common practice of 
fertilizing fruit trees every few years with slowly decomposing 
manures, such as barnyard manure, leather waste, horn refuse, wool 
waste, leaf mold, tobacco stems, etc., is thus seen to have more or less 
of a scientific basis. Frequently, however, it is desirable to stimulate 
the growth and fruitfulness of the trees, and for this purpose more 
active fertilizing materials than the above are needed. In selecting 
and mixing the latter, the fact that fruits are “potash feeders ” 
, should be taken into consideration. 
Probably there is no better fertilizer for fruit trees than a mixture 
of muriate of potash and ground bone (1 part of the former to 1} 
parts of the latter). A good practice is to apply this mixture to clo- 
ver or some other leguminous crop which is turned under as a green 
manure, and in addition, where tobacco stems can be obtained 
cheaply, to apply these about the trees. Wood ashes or cotton-hull 
| ashes may be substituted for muriate of potash, if these products can 
| be obtained at reasonable prices. 

Small fruits——The fertilizer requirements of small fruits are simi- 
lar to those of orchard fruits, but being as a rule more rapid growers 
they can utilize to advantage heavier applications of soluble fertili- 
zing materials and do not derive the same benefit as orchard fruits 
| from slowly decomposing manures. 
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IMPORTANCE OF SYSTEMATIC USE OF FERTILIZERS. 


The suggestions already given lead to another of great importance, 
viz, that the use of fertilizers should be systematic. In order that 
this may be accomplished, a definite system of cropping should be 
adopted and a definite scheme of manuring worked out that shall 
meet the conditions of crop, season, and climate, and enable the 
farmer to utilize to the best advantage home and local supplies of 
manure. While it is impossible to give more than the merest outline 
of such methods, the following suggestions are offered: 

In the first place, in nearly every State or even locality, some one 
system of cropping is better adapted to the conditions than another. 
It may be the “extensive system,” which includes large areas and 
such crops as grain, cotton, tobacco, or sugar cane; or the “ intensive 
system,” with smaller areas and crops of quicker growth and higher 
value. For the former, a method of manuring should be adopted 
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which is not too expensive, but which provides for increased crops 
and gradual gain in fertility. It would be impracticable in exten- 
sive farming, for example, to attempt to increase the yield of a 
wheat crop from 12 to 30 bushels per acre by the addition of ferti- 
lizers only; for, as already pointed out, plant food is but one of the 
conditions of fertility, and if it were practicable from the standpoint 
of yield, it would be folly from the standpoint of profit. 





FERTILIZERS IN A FOUR-YEAR ROTATION. 


A study of the following common four-year rotation—Indian corn, 
potatoes, wheat, and hay—will illustrate what is meant by rational 
and systematic methods of manuring: 

First year—the corn crop.—On soils of medium fertility spread the 
farm manure during fall and winter, and after the land is plowed 
apply broadcast and harrow in, or harrow first and then drill in, 400 
pounds per acre of a mixture made up of 100 pounds each of (1) 
cotton-seed meal or ground fish, (2) ground bone, (3) acid phosphate, 
and (4) muriate of potash, or their equivalents in kind and form of 
other fertilizer constituents. This mixture would have approximately 
the following composition: Nitrogen, 2.5 per cent; phosphoric acid, 
10 per cent, and potash, 12.5 per cent. If the land had not been pre- 
viously manured, or if it is of a light, sandy character, the proportion 
of nitrogenous matter should be increased and the total application 
should be heavier, say from 600 to 800 pounds. 

Corn makes its most rapid growth and development during the 
hot season, which is very favorable for rapid decay and consequent 
nitrification of organic substances in the soil. The nitrogenous ma- 
nures, therefore, may be less in amount than for crops which develop 
rapidly earlier in the season, and for the same reason may consist 
of organic forms. The mineral constituents, particularly the phos- 
phates, which the crop acquires less readily because of its compara- 
tively short season of growth, are applied in such forms and in such 
amounts as to provide for a largely increased crop, even though the % 
seasonal conditions are not perfect. 

Second year—the potato crop.—For the potatoes, as a minimum 
application, 650 pounds per acre of the following mixture may be 
used : 

Fertilizer for potatoes. 


Pounds. 
Dimmer 8608 So ciel oleae UL ee OES Ss ad er ee 50 
Cotton-seed meal, or dried ground fish, or meat tankage_________________ 15 
TRE NTN gs se phil d cabs Sinkem Riedl Speech ag is ise hana erates coke eens 100 
PRA DROID a ss hee mig ip resi toe oh ee ne ee eee 200 
eNO RES “ODE GURADESURSES (OVE TOURED 2 as sets ener ox Gripe lowe Ras noeeses ema aabaanie s 150 
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This mixture contains nitrogen 3 per cent, phosphoric acid 8 per 








































n- cent, and potash 12 per cent. In this application we are guided by 
& certain other well-defined principles, the chief of which are: The 
i value of this crop is such that the farmer can afford a more expensive 
he manuring. Since it grows and matures in a comparatively short 
nt time, we need to furnish a reasonable excess of plant food in order 
that the crop may be abundantly supplied even though unfavorable 
conditions occur. It is a crop which is particularly benefited by 
potash, and we must therefore provide that element in largest pro- 
, portion ; and as it is not an exhaustive crop, we may expect consid- 
| erable increase in soil fertility due to the unused residue. 
Third and fourth years—the wheat and hay crops.—After the pota- 
i toes are removed, the land, on account of the frequent cultivation of 
d the potato crop, is in the fine mechanical condition essential for the 
0 rapid germination and early growth of the wheat. It is also well 
) supplied with plant food because of the manure applied to the 
previous crops in excess of their needs. For the wheat, therefore, 
. such home supplies of manure as are available may be applied after 
plowing, and well worked into the surface soil with the addition at 
time of seeding of 200 pounds per acre of dissolved bone, or a mixture 
> of 100 pounds each of ground bone and acid phosphate. In spring, 
if the crop does not show a vigorous condition, sow broadcast 100 
; pounds per acre of nitrate of soda. 


By this method the manuring is accomplished at a minimum ex- 
pense, and the phosphates which are so essential for the proper 
development of the grain are provided, partly in an immediately 
available form, partly in a form that will gradually decompose and 
feed the crop at later stages of growth. The nitrogen is applied 
when the plant has greatest need for it, and in a form immediately 
available, while for potash the plant depends entirely upon the 
accumulated soil supplies. The hay crop which follows, if it con- 
sists of clover, will be able to make normal growth with added 
supplies of phosphoric acid and potash only, which may consist of a 

»}@ mixture of equal parts of acid phosphate and muriate of potash, 
at the minimum rate of 200 pounds per acre. 

This method of fertilizing should not be changed from year to 
year, but followed in the succeeding rotation courses; and it will 
enable the farmer to secure an increased yield and improvement in 
soil at a minimum expense. 


APPLICATION OF PRINCIPLES TO OTHER LINES OF FARMING. 


The principles involved may also be applied in other lines of farm- 
ing, modified by character of soil, climate, and kind of crop. In 
market gardening the amounts applied should be increased, and a 
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larger proportion of the more active forms should be used, because 
in this case quick-growing crops which belong to the high-value 
class are produced. For fruit trees, which feed slowly and continu- 
ously, the mineral elements, as already explained, should be applied 
in greater amounts, and may be derived from the cheaper and more 
slowly available forms. 


SUMMARY. 


(1) Commercial fertilizers are mainly valuable because they fur- 
nish the elements—nitrogen, phosphoric acid, and potash—which 
serve as food, not as stimulants. 

(2) The kind of farming in the past and the demands for special 
products in the present make their use necessary in profitable farm- 
ing. y 

(3) In order to use them profitably the farmer should know— 

(a) That nitrogen, phosphoric acid, and potash are the essential 
manurial constituents. 

(6) That the agricultural value of these constituents depends 
largely upon their chemical form. 

(¢) That these forms are contained in specific products of a well- 
defined character and composition, and may be purchased as such 
from dealers and manufacturers and may be mixed successfully on 
the farm. 

(4) The agricultural value of a fertilizer bears no strict relation 
to the commercial value; the one is determined by soil, crop, and 
climatic conditions, the other by market and trade conditions only. 

(5) The variations in the composition and value of manufactured 
fertilizers which contain the three essential constituents are due to 
variations in the character and in the proportion of the materials 
used. 

(6) The ton basis alone is not a safe guide in the purchase of 
these commercial fertilizers. Low ton prices mean either low con- 
tent of good forms of plant food or the use of poorer forms. Fer- 
tilizers, high grade both in quality and quantity of plant food, can not 
be purchased at a low price per ton. 

(7) The best fertilizers can not exert their full effect on soils that 
are too dry or too wet, too compact, or too porous. They can furnish 
but one of the conditions of fertility. 

(8) The kind and amount to use should be determined by the value 
of the crop grown and its power of acquiring food. 

(9) A definite system or plan should be adopted in the use of fer- 
tilizers; “hit or miss” methods are seldom satisfactory, and fre- 
quently very expensive. 
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Fertilizing material. 





Sulphate sian ammonia 
Dried blood (high grade)... 

Dried blood (low grade). - 

Concentrated tankage.- -.... 
ropes (bone) 
Dried fish scrap 
Cotton-seed meal. -.. 
or ———- sian 

Supplying phosphoric aci 
Boneh Grolion rock phos- 





sduth Dasoliean rock su 
hosphate (dissolv red 
— arolina rock phos- 
Florida and sock phosphate 
Florida pebble phosphate -. 
Florida superphosphate 
& dissolved Florida phos- 
ak... 
Boneblack superphosphate 





Composition of the principal commercial fertilizing materials. 


Phosphoric acid. 


Nitrogen. 


Per cent. | Per cent. 


Per cent. 


Available. | msoluble. 


(dissolved boneblack) 


Ground bone 
Steamed bone 


Dissolved bone 


Thomas slag@ 





oe potash: 
uriate of 


tash 
Sulphate of potash (high | 


grade) 
Sulphate of potash and | 

magnesia 
TMI oo laya'ea bas nc sed ecunct 
I an cence nnn wese 
Cotton-hull ashes 6__-._..... 
Wood ashes (unleached) ® -- 
Wood ashes (leached) 0 .__.-. 
Tobacco stems 








Total. 


Per cent. 


eo 


Potash. 


Per cent. 












Chlorin. 


Per cent. 


a ‘te good ‘Tess slag at least 80 per cent of the phosphoric acid should be soluble in 


ammonium citrate, i. 


e., available. 


*’Cotton-hull ashes contain about 10 per cent of lime; unleached wood ashes, 30 to 35 
per cent; and leached wood ashes, 35 to 40 per cent. 


44 





FARMERS’ BULLETINS. 


The following is a list of the Farmers’ Bulletins available for distribution, showi 
the number and title of each. Copies will be sent to any address on application to 
any Senator, Representative, or Delegate in Congress, or to the Secretary of Agricul. 


ture, Washington, D. C. 

No. 22. The Feeding of Farm Animals. No. 24. Hog Cholera and Swine Plague. No. 25. Peanutg 
Culture and Uses. No. 27. Flax for Seed and Fiber. No. 28. Weeds: And How to Kill Them. No,29, 
Souring end Other Changes in Milk. No. 30. Grape Diseases on the Pacific Coast. No. 32. Silos and 
Silage. No. 33. Peach Growing for Market. a 34. Meats: ———— and Cooking. No. 35. Potato 
Culture. No. 36. Cotton Seed and Its Products. No. 37. Kafir Corn: Culture and Uses. No. 39, 
Onion Culture. No. 41. Fowls: Care and Feeding. No. 43. Sewage Disposal on the Farm. No. 44 
Commercial Fertilizers. No. 46. Irrigation in Humid Climates. No. 47. Insects Affecting the Cot- 
ton Plant. No. 48. The Manuring of Cotton. No. 49. Sheep Feeding. No. 51. Standard Varieties of 
Chickens. No. 52. The Sugar Beet. No. 54. Some Common Birds. No. 55, The Dairy Herd. No 
56. Experiment Station Work—I. No. 58. The Soy Bean as a Forage Crop. No. 59. Bee Keeping. No 
60. Methods of Curing Tobacco. No. 61. Asparagus Culture. No. 62. Marketing Farm Produce, 
No. 63. Care of Milk on the Farm. No. 64. Ducks and Geese. No. 65. Experiment Station Work—TI], © 
No. 66. Meadows and Pastures. No. 68. The Black Rot of the Cabbage. No. 69. Experiment Station 
Work—III. No. 70. Insect Enemies of the Grape. No. 71. Essentials in Beef Production. No..72, 
Cattle Ranges of the Southwest. No. 73. Experiment Station Work—IV. No. 74. Milk as Food, 
No. 77. The Liming of Soils. No. 78. Experiment Station Work—V. No. 79. Experiment Station 
Work—VI. No. 80. The Peach Twig-borer. No. 81. Corn Culture in the South. No. 82. The Culture 
of Tobacco. No. 83. Tobacco Soils. No. 84. Experiment Station Work—VII. No. 85. Fish as Food, 
No. 86. Thirty Poisonous Plants. No. 87. Experiment Station Work—VIII. No. 88. Alkali Lands, 
No. 91. Potato Diseases and Treatment. No. 92. Experiment Station Work—IX. No. 93. Sugar ag 
Food. No. 94. The Vegetable Garden. No.95. Good Roads for Farmers. No. 96. Raising Sheep for 
Mutton. No. 97. Experiment Station Work—X. No. 98. Suggestions to Southern Farmers. No. 99, 
Insect Enemies of Shade Trees. No.100. Hog Raisingin the South. No. 101. Millets. No.102. South. 
ern Forage Plants. No. 103. Experiment Station Work—XI. No. 104. Notes on Frost. No. 105, 
Experiment Station Work—XII. No. 106. Breeds of Dairy Cattle. No. 107. Experiment Station 
Work—XIIl. No. 108. Saltbushes. No. 109. Farmers’ Reading Courses. No. 110. Rice Culture in 
the United States. No. 111. Farmers’ Interest in Good Seed. No. 112. Bread and Bread Making, 
No. 113. The Apple and How to Grow It. No.114. Experiment Station Work—XIV. No.115. Hop Cul- 
turein California. No. 116. Irrigation in Fruit Growing. No. 118. Grape Growing in the South. No, 
119. Experiment Station Work—XV. No. 120. Insects Affecting Tobacco. No. 121. Beans, Peas, and 
other Legumes as Food. No.122. Experiment Station Work—XVI. No. 123. Red Clover Seed: Infor- 
mation for Purchasers. No. 124. Experiment Station Work—X VII. No.125. Protection of Food Prod- 
ucts from Injurious Temperatures. No. 126. Practical Suggestions for Farm Buildings. No. 127, 
Important Insecticides. No. 128. Eggs and Their Uses as Food. No. 129. Sweet Potatoes. No. 131 
Household Tests for Detection of Oleomargarine and Renovated Butter. No. 132. Insect Enemies 
of Growing Wheat. No. 133. Experiment Station Work—XVIII. No. 134. Tree Planting in Rural 
School Grounds. No. 135. Sorghum Sirup Manufacture. No. 136. Earth Roads. No. 137. The Angora 
Goat. No. 188. Irrigation in Field and Garden. No. 139. Emmer: A Grain for the Semiarid Regions, 
No. 140. Pineapple Growing. No. 141. Poultry Raising on the Farm. No. 142. Principles of Nutri- 
tion and Nutritive Value of Food. No. 143. Conformation of Beef and Dairy Cattle. No. 144, 
Experiment Station Work—XIX. No. 145. Carbon Bisulphid as an Insecticide. No. 146. Insecticides 
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Broom Corn. No.175. Home Manufacture and Use of Unfermented Grape Juice. No. 176. Cranberry 
Culture. No. 177. Squab Raising. No. 178. Insects Injurious in Cranberry Culture. No. 179. Horse 
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Experiment Station Work—X XIII. No. 187. Drainage of Farm Lands. No. 188. Weeds Used in Medi 
cine. No. 190. Experiment Station Work—XXIV. No. 192. Barnyard Manure. No.193. Experiment 
Station Work—X XV. No. 194. AlfalfaSeed. No. 195. Annual Flowering Plants. No. 196. Usefulnesso 
the American Toad. No. 197. Importation of Game Birds and Eggs for Propagation. No. 198. Strawber 
ries. No. 199. Corn Growing. No. 200. Turkeys. No. 201. Cream Separator on Western Farms. No. 202, 
Experiment Station Work—XXVI. No. 203. Canned Fruits, Preserves, and Jellies. No. 204. The 
Cultivation of Mushrooms. No. 205. Pig Management. No. 206. Milk Fever and its Treatment, 
No. 208. Varieties of Fruits Recommended for Planting. No. 209. Controlling the Boll Weevil in 
Cotton Seed and at Ginneries. No. 210. Experiment Station Work—XXVII. No. 211. The Use of 
Paris Green in Controlling the Cotton Boll Weevil. No. 212. The Cotton Bollworm—1904. No. 213. 
Raspberries. No. 215. Alfalfa in the Eastern States.. No. 216. Control of the Cotton Boll Weevil. 
No. 217. Essential Steps in Securing an Early Crop of Cotton. No. 218. The School Garden. No. 219. 
Lessons taught by the Grain-Rust Epidemic of 1904. No. 220. Tomatoes. No. 221. Fungous Diseases 
of the Cranberry. No. 222. Experiment Station Work—XXVIII. No. 223. Miscellaneous Cotton 
Insects in Texas, No. 224. Canadian Field Peas. No. 225. Experiment Station Work—XXIX. No, 
226. Relation of Coyotes to Stock Raising in the West. No. 227. Experiment Station Work—XXX. 
No. 228. Forest Planting and Farm Management. No. 229. The Production of Good Seed Corn. No. 
230. Game Laws for 1905. No. 231. Spraying for Cucumber and Melon Diseases. No. 232. Okra: Its 
Culture and Uses. No. 233. Experiment Station Work—XXXI. No. 234. The Guinea Fowl and Its 
Use as Food. No. 235. Cement Mortar and Concrete. No. 236. Incubation and Incubators. No. 287. 
Experiment Station Work—X XXII. No, 238. Citrus Fruit Growing in Gulf States. No. 239. The Cor- 
rosion of Fence Wire. No. 240. Inoculation of Legumes. No. 241. Butter Making on the Farm. No. 
242. An Example of Model Farming. No. 243. Fungicides and Their Use in Preventing Diseases in 
Fruit. No. 244. Experiment Station Work—X XXIII. No. 245. Renovation of Worn-out Soils. No. 246. 
Saccharine Sorghums for Forage. No.247. The Control of the Codling Mothand Apple Scab. No. 248, 
The Lawn. No. 249. Cereal Breakfast Foods. No. 250. The Prevention of Stinking Smut of Wheat 
and Loose Smut of Oats. No. 251. Experiment Station Work—XXXIV. 
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